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It is hard to conceive of the enormous 
energy of a modern central station of 
great size. At the recent Institute meeting 
President Steinmetz gave an illustration 
that deserves to be remembered, and that 
is literally astonishing. He said that a 
short circuit on the switchboard of such a 
station as that of the Metropolitan Street 
Railway Company, in New York, would 
liberate more destructive energy than 
would appear if two trains of the weight 
and speed of the Empire State Express 
should collide at full tilt! And this is the 
sort of energy that is daily handled silently 
and quietly in great stations. A few 
years ago the heaviest circuits in use 
could be short-circuited with no more re- 
sult than the making of a few sparks. 





THE NERNST LAMP. 

The interesting paper by Mr. A. J. 
Wurts, which is concluded in this week’s 
issue, presents for the first time a sys- 
tematic history of the development and 
present status of the Nernst lamp in the 
United States. It is particularly pleasant 
to note that Mr. Wurts has set forth fully 
the names of those who have been promi- 
nent in the development of this device, 
thus providing future historians of the 
art valuable material not otherwise easily 
accessible. 

It appears from the account given that 
the Nernst lamp has been practically re- 
duced to a commercial translating device 
for producing light from electric current, 
and that its efficiency is nearly as high as 
that of the carbon are. The structure of 
the lamp is exceedingly simple, its only 
moving part consisting of the armature of 
the switching magnet which cuts out the 
heater circuit of the lamp when this has 
done its work in heating the conducting 
filament of rare oxides up to the point 
where the latter begins itself to conduct 
electricity. Of the composition of the 
glower Mr. Wurts is silent, but it is sup- 
posed that the materials entering into it 
are practically the same as those com- 
posing the Welsbach mantle—for the most 
part the rare earth oxides such as thoria, 
yttria, ete. 

So far the development of the lamp has 
been in sizes greater than 30 candle-power 
and it is believed that the field for its 
commercial use will be rather in competi- 
tion with the are light than with the in- 
candescent lamp. One of the most im- 
portant features of the lamp is the ex- 
ceeding purity and whiteness of the color 
of its light, the effect being remarkably 
similar to that of daylight and colors be- 
ing easily seen in their true proportions 
by the light—comething that is not true 
of any other artificial illuminant. 

The gentlemen who have worked upon 
the development of this lamp are greatly 
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to be congratulated upon the success which 
has attended their labors, and it is believed 
that a short time will see Nernst lamps 
widely used in practice. The lamp lends 
itself admirably both to the purposes of 
general illumination and of decorative in- 
terior lighting. While producing an ab- 
undant amount of soft white light it does 
not present a blazing crater to the eye, 
as does the arc lamp, nor is its color yel- 
low, as in the case of the incandescent 
light. Of course, it is too early to predict 
fully the future of the device, but it is be- 
lieved that it will take its place as an in- 
termediate variety of lighting between the 
two systems at present in vogue, and that 
a short time will see its widespread intro- 
duction for many purposes. 





LIGHTNING AND TRANSMISSION LINES. 

One of the most difficult problems that 
has presented itself for the solution of 
electrical engineers is that of protecting 
extended transmission lines, upon which 
high voltages are employed, from the in- 
ductive effects of lightning and discharges 
due to accumulations of high air poten- 
tials. It is not probable that any satis- 
factory method can be devised for pro- 
tecting a line against a direct stroke of 
lightning which actually strikes some of 
the wires or the poles, but a system has 
been tried now for some years in a variety 
of climates which seems absolutely to pro- 
tect lines against the inductive effects and 
air effects above mentioned. In its extra- 
ordinary simplicity this method seems al- 
most ridiculous, for it consists simply in 
stringing several strands of ordinary 
barbed wire, such as is used for fencing, 
above the transmission line and near it. 
This wire is earthed at frequent intervals 
and the result is that it constantly dis- 
charges the line of accumulated potentials 
and seems absolutely to satisfy the coa- 
ditions of practice. Dr. F. A. C. Perrine, 
whose opinion on subjects connected with 
power transmission at high pressure is 
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worthy of most respectful attention, made 


some very interesting statements concern- — 


ing this method of lightning protection at 
the recent Institute convention. Appar- 
ently this method is relied upon more than 
any other in some of the fine installations 
in California, where, although the light- 
ning storms themselves are not particular- 
ly violent, yet the constant movement of 
the dry air of that climate over the lines 
charges them to such voltages that it is 
exceedingly dangerous to work on a well- 
insulated line even when no machinery 
The barbed wire 
seems to have absolutely fulfilled the condi- 


is connected with it. 


tions that were desired in this section and 
certainly so simple an expedient and one 
that costs so little is worthy of more ex- 
tended application. On another transmis- 
sion, one second in importance only to 
the Niagara line and exceedingly like it in 
many respects, no other lightning arrest- 
ers are used, and yet many of the indus- 
tries and most of the lighting of a large 
city have been fed through this line for 
three years without any interruption due to 
lightning. The subject is one that is well 
worthy of research and investigation, and 
if barbed wire proves to be the best remedy 
for lightning troubles it is certainly one 
that can be applied and and costs little 
to try. 





The serial by Professor H. C. Jones, 
entitled “Selected Chapters in Electro- 
chemistry,” is continued in this week’s 
issue of the ELtectrIcAL REvIEW with the 
appearance of Chapter VI, entitled the 


“Conductivity of Solutions.” Several 


further instalments of these highly in- 
teresting chapters will appear and the 
whole will then be published in book 
form, making an interesting contribution 
to the literature of this new and most im- 


portant application of electricity. It 
should not be forgotten that the mechani- 
cal applications of electricity are only one 
phase of the development of the subject, 
and that the future may see the chemical 
phenomena of electric current utilized to 
a vast degree and producing results of 
extraordinary importance. These inter- 
esting papers of Professor Jones’s have al- 
ready attracted wide attention and their 
perusal forms a fitting introduction to the 
study of one of the most fascinating 
branches of electrical application. 
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THE POLYPHASE RAILWAY. 


At the recent meeting of the American 
Institute of Electrical Engincers, at Buf- 
falo, two papers bearing upon the use of 
polyphase motors for traction work were 
read and the subject was discussed at 
great length and with much fulness by 
many whose opinions are entitled to con- 


sideration. In last week’s issue appeared 


a report of this discussion, and it is seen 
that a considerable weight of engineering 
authority tends to the belief that the in- 
duction motor has no place upon railways 
as at present developed. 

With this view it is difficult, if not im- 
possible, entirely to agree. It is possible 
that a broader view of the whole subject 
of electric traction may reverse the opin- 
ions of the gentlemen who have argued, 
principally from considerations of the 
mechanical and electrical performance of 
induction motors, that these can not re- 
place direct-current motors in railway 
practice. Perhaps they can not, for some 
classes of service, and it would certainly 
be unwise, in the present state of the art, 
to urge their use on street cars in cities, 
for example; but it should not be for- 
gotten that trolley practice has simply 
been the first step of the inevitable ex- 
tension of electrical railroading to take 
in all of the various lines of communica- 
tion in densely populated regions. The 
heavy electric railway is as certain to come 
as anything can be, and in this direction 
lies the field for the polyphase motor. 

It is true that a small air-gap is neces- 
sary to maintain a power factor of reason- 
able proportions when induction motors 
are operated, but the maintenance of a 
narrow air-gap in a railway motor is a 
problem considerably less difficult than 
many others that have been attacked and 
solved by traction engineers in this coun- 
try, and should hardly frighten men who 
have done such magnificent work as have 
the electrical and mechanical engineers 
who have developed the street railway. 
The heavy starting current of the induc- 
tion motor is naturally a disadvantage, 
but one that can likely be reduced by 
proper considerations of design or by 
auxiliary apparatus, while the immense im- 
portance of certain changes in traction 
systems which would follow upon the in- 
troduction of an alternating-current sup- 
ply throughout would certainly more than 
balance any inherent disadvantages or 
difficulties found in the induction motor 
itself. 

It is hard for any one seriously to con- 
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sider the present method of high-tension 
generation and distribution, in connec- 
tion with transforming and converting 
substations, for the supply of direct cur- 
rent to railway lines, as more than a 
passing expedient. No less an authority 
than Mr. L. B. Stillwell stated, in the dis- 
cussion referred to above, that in a certain 
metropolitan case the costs of substation 
construction upon this system approached 
twice that of the generating station. In 
addition it was borne out as a consensus 
of opinion of engineers, both of railways 
and electric power transmission plants, at 
the recent meeting that it is dangerous to 
put substations in charge of men receiving 
low wages, since any accident or lack of 
proper judgment on the part of these 
operatives might cause very great damage 
and loss. To provide a proper equipment 
of men for substation handling means to 
increase enormously the operating costs 
of any system employing them. It is 
perfectly useless to suggest that machines 
such as synchronous converters might be 
allowed to run themselves or that they do 
not require constant and expert super- 
vision. The only thing about the sub- 
station plant, as it is ordinarily con- 
structed, that can be allowed to run itself 
is the transformer, and this is the only 
part of it that would survive in the sub- 
station of a polyphase system. 

Looking at the whole matter broadly, it 
seems a waste of time to compare the rela- 
tive performance of direct and alternat- 
ing-current motors for traction work with- 
out taking into account all the other ele- 
ments of the system, and also confining 
the discussion of such railways as will like- 
ly be the field for alternating-current oper- 
ation. When this is done it will be seen 
that the undoubted disadvantages which 
surround the induction motor are counter- 
balanced, and perhaps over-counterbal- 
anced, by the very superior system of dis- 
tribution that can be used and by the ex- 
ceedingly great saving in operation cost, 
as well as in installation cost, which will 
follow upon the suppression of substa- 
tions and the elimination of revolving 
machinery from them. The subject is too 
great a one to be dismissed without the 
fullest discussion and it may be interest- 
ing to remember that, while some of our 
most eminent engineers in this country 
are pooh-hoohing the polyphase railway 
system, their colleagues in Hungary are 
building polyphase systems which operate 
and operate well, and for which tenders 
have been made at prices so far below 
those for direct-current equipment as to 
cause astonishment in numerous direc- 
tions. 
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THE THEORY OF ALTERNATING DYNA. 
MO ELECTRIC MECHANIS/I1S—XLII. 


BY W. ELWELL GOLDSBOROUGH. 


To solve this problem it is necessary to 
follow the rule stated at the end of Ex- 
ample 19, to wit: the current in each cir- 
cuit, due to each electro-motive force act- 
ing separately, is first found; the final 
currents which flow in the several parts of 
the system when both electro-motive 
forces are acting together will then be 
equal to the vector sums of the partial cur- 
rents previously determined as flowing in 
each line. 

In the present case, if we consider any 
one of the three electro-motive forces as 
acting separately, it must be taken as im- 
pressed upon a system consisting of two 
parallei circuits connected in series with a 
third circuit. When dealing with a sys- 
tem of two such parts, a simple circuit in 
series with two branch circuits, it is best 
first to assume that a certain electro- 
motive force is impressed upon the branch 
circuits, and develop the phase diagram 
for the system, as a whole, in accordance 
with this assumption. A final adjustment 
of the diagram to the requirements of the 
conditions can then be readily effected by 
making a proportional change in the 
length of each of the vectors. In the 
present case, to determine the phase 
diagram which results when generator 
E' is acting alone, we will commence by 
assuming that 250 volts are impressed 
upon the branch circuits OA, and OA, at 
the terminal points O’ and O. Laying off 
then in Fig. 105, oA, equal to 250 volts, 
we can erect upon this vector the electro- 
motive-force triangles of the branch cir- 
cuits. Since, by Equation 54, the current 
flowing in the circuit OA, will be 


250 


/8.3' + 16.6" 








5, = 13.5 


the ohmic and reactance electro-motive 
forces present in the circuit will be re- 
spectively 113 and 224 volts; therefore, 
we can lay off OC,' equal to 113 and 
C,'A,' equal to 224. Then, in phase with 
OC), the current vector O’B,! can be laid 
off equal to 13.5. In the same way the 
electro-motive-force triangle of the circuit 
OA; can be constructed resulting in 
Oc, equal to 224 volts, ofa! equal to 
113 volts and OB,’ equals 9.9 amperes. 
If, now, we take the resultant of the cur- 
rents OB, and OB), we find that they 
combine to give a current of 22.2 am- 
peres. This current will be that flowing 
in the line OA, and through the armature 
of generator E'. To force this current 
through the resistance and reactance of 
the circuit OA, will require a considerable 
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voltage. Its value is determinable by lay- 
ing off ajc; equal to Ir, equal to 335 
volts, parallel te oct, and then erecting 
at ©,’ a perpendicular to A,'O,' equal 
to I3z,, equal to 335 volts. A, Al, equal 
to 474 volts, will then be the electro- 
motive force required to set up the cur- 
rent 1 in the circuit A,O. From the 
diagram now constructed we see that 
these conditions can only be imposed upon 
the system when E! equals OA‘, equals 
722 volts. The data pertaining to diagram 
105 are given below under Case I. 

Now, to construct the vector diagram 
which shows the exact conditions which 
prevail when E' is developing an electro- 
motive force of 1,200 volts we must 
lengthen the vectors of Fig. 105 in the 
ratio of 722 to 1,200. When this is ac- 
complished the numerical result will be 
that given under Case IV. The dia- 
grammatical result will be that shown in 
the upper left-hand part of Fig. 108. 
Here O'A' equals E' equals 1,200 volts. 
The current flowing in the generator 
armature equals O'B,' equals 37 amperes. 
The current flowing in the circuit OA, 
equals O'B,! equals 22.4 amperes; and, 
finally, the current flowing in the circuit 
OA; equals O'B,' equals 16.5 amperes. 

When the second generator E' is alone 
impressed upon the system, the conditions 
are such that the circuit A,O is in series 
with the parallel system consisting of 
OA, and OA;. In dealing with this part 
of the problem we can not do better than 
assume, first, an electro-motive force of 
250 volts impressed upon the parallel cir- 
cuits and, therefore, in Fig. 106, oat is 
laid off equal to 250 volts; then, by ap- 
plying Equation 54 in the determination 
of the current flowing in the circuit 
OA,, the electro-motive-force triangle 
oo742 is constructed. Here OB 
equals 11.8 amperes, the initial value of 
this branch current. Similarly, the 
branch current set up in the circuit A,O 
equals the vector OB," equals 10 amperes. 
The combined effect of these currents is 
to produce a line current equal to OB,” 
equal to 20.4 amperes. This is the cur- 
rent which flows through the circuit A,O 
and the armature of alternator E“. To 
set up this current in A,O requires an 
electro-motive force Aza” which is the 
resultant of the resistance electro-motive 
force A,0,", equal to 1,77, equal to 168 
volts, and ©,''A"" equal to I,'2, equal to 
338 volts. Therefore A, A” equals 376 
volts. The electro-motive force rr. which 
will produce the values shown in Fig. 
106, is represented by OA™ equal to 610 
volts, since this is the resultant of the 
partial electro-motive forces OA," and 
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Now, from Fig. 106 and the data just 
given (it is tabulated under Case 1), the 
final vector diagram corresponding to the 
actual conditions which obtain when 
E" is developing 1,100 volts, instead of 
610 volts, is determined by increasing 
the lengths of the vectors of Fig. 106 in 
the ratio of 610 to 1,100. The numerical 
result of this calculation is given under 
Case V, and the graphical result is pre- 
sented in the lower left-hand part of 
Fig. 108. 

The record now shows that the electro- 
motive force acting on the parallel cir- 
cuits is equal to O’A,", equal to 450 
volts. The electro-motive force acting 
on the circuit A,O is equal to 679 volts. 
The branch current in OA, equals 21.2 
amperes and the branch current in OA, 
equals 18 amperes, while the armature 
current flowing in E"™ equals 36.6 am- 
peres. 

We now come to the consideration of 
the conditions which prevail when the 
third generator is acting alone. In this 
case the circuit OA, must be taken as 
connected in series with the circuits OA, 
and OA, arranged in parallel. Following 
out the usual procedure in the solution 
we will first assume that an electro-motive 
force of 250 volts is impressed upon the 
parallel system. This pressure will de- 
velop in the circuit OA, a current of 11.8 
amperes, as shown in Fig. 107, and in 
the circuit OA, a current of 13.2 am- 
peres. ‘These currents assume phase posi- 
tions relatively to oa, which the re- 
actance and resistance of the circuits 
make necessary. If we take the resultant 
of the vectors OB," and OB," repre- 
senting these currents, we get the vector 
OB representing the current, which 
must be forced through the circuit OA. 
This requires an electro-motive force 
equal to the vector as"4™ of Fig. 107, 
which has a value of 596 volts. There- 
fore, finally, the electro-motive force 
which alternator E™ must develop in 
order to maintain 250 volts impressed 
upon the parallel circuits is 825 volts. 
This value is equal to the vectorial sum 
of OA, equal to 250 volts, and 
Aa”, equal to 596 volts. 

Before transferring the preliminary dia- 
gram of Fig. 107 to the final phase dia- 
gram of Fig. 108 it is necessary to make 
such a proportional change in its dimen- 
sions as will admit of its being compared 
with the diagrams of the other circuits. 
Its vectors must, therefore, be changed in 
the ratio of 825 to 1,000, inasmuch as the 
final electro-motive force which E™ de- 
velops is 1,000 volts. This modified dia- 
gram appears in Fig. 108 in the middle 
position at the right. 
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Science 
Brevities 


Electric Effluvium—An article describ- 
ing someremarkable properties of the silent 
electric discharge, or electric effluvium, has 
been contributed by M. Leduc to the 
Comptes Rendus: This is obtained by rap- 
idly charging and discharging a condenser, 
consisting of a metallic sphere on the one 
hand, and a sheet of aluminum, with a 
central perforation, on the other hand, 
separated by a plate of glass or celluloid. 
The central portion of the plate is on 
both its faces the origin of violet and 
ultra-violet rays, which can be concen- 
trated by a quartz lens. These rays pro- 
duce an intense fluorescence on a platino- 
cyanide screen without concentrating the 
beam, and photographic effects are ob- 
tained which surpass in intensity those 
produced by sunlight. The rays are par- 
ticularly valuable for Finsen’s treatment 
of anemic tissues. These are compressed 
by means of a quartz plate contained in an 
ebonite frame, which directly adjoins the 
aluminum sheet forming one armature 
of the condenser. The diseased tissue is 
thus exposed to rays which have only to 
traverse a thin plate of quartz. The ap- 
paratus may be worked with an induction 
coil or an influence machine. 


Electrolytic Rectifiers—A long article 
has appeared in l’Industrie Electrique on 
the subject of “Electrolytic Valves,” 
which means, in plainer language, the im- 
proved aluminum rectifiers of Mr. Pollak. 
When the peculiar property of the alumi- 
num electrode was first discovered by 
which it permits the current to pass in 
one direction only, it was assumed that 
such a rectifying cell could be but a low- 
voltage arrangement at best, while en- 
deavors to run them in series did not look 
promising. By forming his aluminum 
plates in an acid solution of potassium 
phosphate, Mr. Pollak has now obtained 
rectifying cells which will bear a voltage 
well over 140, and which, therefore, may 
be connected on to 100-volt (virtual) al- 
ternating-current circuits. The efficiency 
of the apparatus is said to be 75 per cent. 
The plates must, however, be removed 
from the solution when not in use, as 
otherwise the coating of oxide is slowly 
destroyed by the solution. Further, they 
have a tendency to heat in working, and, 
as the temperature cannot be allowed to 
exceed 104 degrees Fahrenheit without 
producing immediate ill-effects, it is neces- 
sary to employ a cell “many times” larger 
than the plate it contains in order that the 
permissible temperature rise may not be 
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exceeded. In any event, after 500 to 800 
hours’ work, the plate becomes deeply fur- 
rowed, and, in the end, falls to pieces; 
the solution, at the same time, is found to 
have become more alkaline. The action is 
believed to be due to the production of hy- 
drogen bubbles which, in breaking away, 
carry with them a portion of the film of 
oxide, the latter being immediately re- 
formed at the expense of the metal in the 
plate. It is not practically possible to 
run the cells in series so as to get a high- 
voltage rectifier, because it is found that 
such an arrangement is not permanently 
stable, the drop rising across some cells 
and falling across others. 

Carbon Dioxide Decomposed Electric- 
ally—A very interesting paper on the de- 
composition of carbon dioxide when sub- 
mitted to electric discharge at low press- 
ures has been contributed to the Journal 
of the Chemical Society by Dr. J. Norman 
Collie, Ph.D., F.R.S. During some ex- 
periments which were being made on the 
relative resistance of gases at low press- 
ures in vacuum tubes to the passage of the 
electric spark, carbon dioxide was found 
to exhibit peculiarities. As these pointed 
to decomposition of the gas the literature 
bearing on the subject was consulted, and 
as the evidence was conflicting an inquiry 
into what occurred seemed necessary. As 
it did not seem difficult to obtain the gases 
from the interior of a vacuum tube in 
sufficient quantity for analysis, the fol- 
lowing investigation was made: In the 
apparatus used the distance between the 
two electrodes, which were of stout alumi- 
num, was 25 inches; the capillary tube 
joining the two ends of the vacuum tube 
was of one millimetre bore. Pure carbon 
dioxide, made by heating sodium hydro- 
gen carbonate, was introduced into the 
tube in the ordinary manner, and dried 
by passing over a layer of phosphoric ox- 
ide. Connected with the vacuum tube was 
a mercury gauge to measure the pressure 
of the ges. In the first set of experiments 
some of the pure carbon dioxide was 
sparked during a period of from one to 
ten minutes under a pressure of five milli- 
metres. It was found that the residual gas 
when pumped out was largely insoluble in 
caustic soda, and that the carbon dioxide, 
in amounts varying from 60 to 70 per cent, 
had been decomposed. This residual gas 
when submitted to an electric spark under 
the ordinary pressure exploded, and then 
was soluble in caustic soda. Large quan- 
tities were, therefore, experimented with 
in order to obtain a greater volume of the 
residual gas. Altogether the original vol- 
ume of the carbon dioxide experimented 
with was 1.633 cubic centimetres, and of 
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this, 1.133 cubic centimetres was decom- 
posed, which is equivalent to 69 per cent. 
Several other experiments were made and 
always with the same result, the amount 
of decomposition varying from 65 to 70 
per cent. Carbon monoxide, however, 
seems to be far more stable. When sub- 
jected to the same treatment with an ordi- 


nary powerful spark, the current may be 
left on for half an hour with no appreci- 
able result; moreover, the gas gives no 
turbidity with baryta water. If, however, 
the current is sufficiently strong to make 
tne negative electrode red hot, a very small 
amount of carbon dioxide is produced, 
too little to measure, but sufficiently great 
to cause a white precipitate with baryta 
water and small specks of something black 
—presumably carbon—collect on the posi- 
tive electrode. 


Cadmium Spectrum--Mr. C. C. Schenck 
gives a short description of a series of in- 
vestigations undertaken with the two-fold 
object of separating the principal lines in 
the spark spectrum of cadmium into three 
groups having characteristic properties, 
and studying the constitution of the vari- 
ous regions of the spark and its spectrum 
by means of a revolving mirror, in the 
Johns Hopkins University Circular, No. 
152 (vol. xx., pp. 79-80). It was found 
that a preliminary division of the spec- 
trum lines into groups was feasible by 
noting the changes produced in the spark 
spectrum when the period of the conden- 
ser in the secondary circuit was varied by 
increasing the self-induction. Kirchhoff 
in 1861, and Thalen in 1866, stated the 
effect in general terms, and Hemsalech has 
recently carried the investigation much 
further. The spark was produced by an 
induction coil supplied with alternating- 
current; secondary condenser about .016 
microfarad, spark length, 6 to 8 milli- 
metres. The spectrum was photographed 
with a large concave grating of 21 feet 
radius. The three groups of lines appear 
to correspond to the well-known “long” 
and “short” lines always seen when an im- 
age of a light source is thrown on the spec- 
troscope slit, but no wave-lengths are given 
for comparison. It is stated, however, 
from an examination of the conditions 


giving rise to the three groups of lines, 
that the average temperature of the met- 
allic vapors in the arc is probably higher 
in some cases than in the spark. The ex- 
periments with the rotating mirror indi- 
cated that the chief arc lines had a dura- 
tion more than twice as great as that of 
the chief spark lines. Also that the prin- 
cipal spark lines (both of cadmium and 
magnesium) are due almost entirely to 
the curved streamers seen branching from 
the spark, while the chief arc lines are due 
in part to the streamers and in part to a 
luminosity which fills up the spark-gap 
and persists after the streamers cease. 
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Selected Chapters in Electrochemistry. 


By Harry C. Jones. 


CHAPTER VI—CONDUCTIVITY OF SOLUTIONS. 


EFERENCE has been frequently 
R made in the preceding chapters to 
the passage of electricity through 
solutions of certain substances. Indeed, 
the whole process of electrolysis depends 
upon the passage of the current through 
such solutions. We have also learned that 
chemical substances differ greatly in their 
power to carry the current ; the acids, bases, 
and salts forming the class known as elec- 
trolytes, being conductors, while all other 
chemical compounds fall into the class of 
non-conductors, and do not carry the cur- 
rent through their solutions. We thus have 
all chemical compounds dividing them- 
selves into two great classes with respect 
to the property of conducting the current. 
Again, we shall see that among the elec- 
trolytes there are marked differences, 
some conducting to a much greater extent 
under the same conditions than others. 
We must now study in some detail the 
conducting power of solutions of elec- 
trolytes. 
SPECIFIO AND MOLECULAR CONDUCTIVITIES. 
The conducting power of any conduct- 
ing substance depends not only upon the 
nature of the substance, but upon its 
form and dimensions. In order that we 
may compare the conductivities of differ- 
ent substances we must, therefore, use 
pieces of the same form and the same 
dimensions. The form chosen and the 
unit of dimensions selected are purely ar- 
bitrary. In studying the conductivities 
of substances, or their reciprocal, the re- 
sistances, as is well known, two units 
have been selected, the one a cube whose 
edge is a centimetre in length, and the 
other a cylinder one metre long and one 
square millimetre in cross-section. The 
resistance of the latter unit of form and 
dimensions for any given substance is 
obviously ten thousand times the former, 
or the conductivity is one-ten-thousandth 
of the former. The resistance of these 
units of -any-substance is known as the 
specific resistance of the substance; the 
reciprocal of the specific resistance being 
the specific conductivity, 
. hese terms.as applied above hold for 
solid conductors, such as pieces of metal, 
carbon, etc. The question arises how can 
we apply them to conductors of the sec- 
ond class, or dissolved electrolytes. 
Since the conductivities of solutions are 
due entirely to the dissolved electrolytes, 


PART I, 


we must deal with comparable quantities 
of these substances in order that the re- 
sults may be comparable. We might 
choose any quantity of an electrolyte as 
our unit, but it is most convenient here, 
and in most other cases, to work with 


quantities which bear the same relations 


to one another as the molecular weights 
of the substances in question; 1. ¢., to use 
gram-molecular weights of the different 
electrolytes. 

Let us take a litre of a normal solution 
of an electrolyte; 7. ¢., a solution contain- 
ing a gram-molecular weight of the elec- 
trolyte in a litre, and place it between two 
electrodes one centimetre apart. The con- 
ductivity of this solution would be, ob- 
viously, one thousand times that of a cube 
of this solution whose edge was a centi- 
metre in length. 

If we make this general, and represent 
by 2 the number of cubic centimetres of a 
solution which contains a gram-molecular 
weight of the electrolyte, and by s the 
specific conductivity of a cube of this so- 
lution whose edge is a centimetre in 
length, the molecular conductivity m 
would be expressed thus: 

mM=N 8. 

If, on the other hand, we represent by 
the specific conductivity s, that of a cylin- 
der of the solution one metre in length 
and one square millimetre in cross-sec- 
tion, the molecular conductivity would be 
calculated from the specific as follows: 

m = 10,000 2 s. 
For a normal solution n = 1,000, hence, 
" m=s xX 10,000 x 1,000 
=sxX 17 

The molecular conductivity is equal to 
the specific conductivity referred to the 
cubital unit multiple by 10%, or to the 
specific conductivity referred to, the cylin- 
der unit multiplied by 107. Given either 
the specific or molecular conductivity it 
is a very simple matter to transform it 
into the other. 

THE KOHLRAUSCH METHOD OF MEASUR- 
ING THE CONDUCTIVITY OF so- 


LUTIONS. 


‘A large number of methods have been 
devised in the last quarter of a century for 
measuring the conductivity of solutions, 
but all of these have been practically sup- 
planted by the method of F. Kohlrausch. 
When. a continuous current is passed 


through a solution of any electrolyte, gas 
is evolved on one or both poles, and the 
latter become, as we say, polarized. This 
would evidently increase the resistance to 
the passage of the current, and must be 
avoided. To avoid this, Kohlrausch used 
an alternating current, which was obtained 
from a small induction coil, and passed 
this between platinum electrodes immersed 
in the solution. The method of Kohl- 
rausch-consists in balancing the resistance 
of the solution, which is the quantity to 
be measured, against a standard rheostat, 
and determining when the balance is 
effected by means of a Wheatstone bridge. 
This method will be easily understood by 
means of the following diagram: 








Fic. 7,—WHEATSTONE BripGE DIAGRAM. 


T is a small induction coil, which sends 
an alternating current through the bridge, 
AB, and also through the resistance box 
W, and the vessel containing the solution, 
R. The second circuit of the current is 
connected with the first through the 
bridge by means of the telephone, T. 
When the resistance in the rheostat, W, 
is exactly equal to the resistance in the 
solution in R, and C is just half-way be- 
tween A and B, no current will flow 
through the telephone, and, consequently, 
the sound of the induction coil will not 
be heard in the telephone. The wire from 
the telephone connects with the bridge at 
C by-means of a slider, so that this con- 
nection can be moved along the wire. 

It is not necessary that the resistance 
of the solution should be exactly equal- 
ized by the resistance thrown into the 
box. In this case the point c would not 
fall in the céentre of the bridge, but this 
is of no consequence, since it is only neces- 
sary to move © along the wire -until 
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equilibrium is reached, which is shown by 
the disappearance of the sound of the coil 
in the telephone. 

In this and all other cases the calcula- 
tion of the resistance in ohms offered by 
the solution is a very simple matter, using 
the principle of the Wheatstone. bridge: 
The conductivity is but the reciprocal of 
the resistance.* “If we represent AC by 
a, and BC by 8}, the resistance in W by w, 
and the resistance of the solution in the 
vessel by r, then, from the principle of the 
bridge, we have: 


ra = wb, 
wh 
r= —. 
a 


But the conductivity of a solution, c, is 
the reciprocal of the resistance, r; there- 
fore: 
ie 
i 
“The conductivities of solutions deter- 
mined from this expression would not be 
comparable with one another, since there 
is nothing in this expression which takes 
into account the concentration of the solu- 
tion. It is most convenient to refer all 
concentrations to molecular normal, which 
contains a gram-molecular weight of the 
electrolyte in a litre. If we represent by 
v the number of litres of the solution 
which contains a gram-molecular weight 
of the electrolyte, the above expression be- 
comes : 
va 


c= -,; 


wb 
“Instead of c, we now write for the 
molecular conductivity the letter ». And 
to indicate the concentration at which the 
» is determined, we write p,. 


_ wa 
My wb" 

“Even this expression does not take into 
account the dimensions of the cell used. 
A cell constant, &, must be introduced and 
determined for each cell, before it can be 
employed for conductivity measurements. 
The complete expression for calculating 
the molecular conductivity » is then: 

ie» 
aed 

In actually carrying out a conductivity 
measurement, a large number of factors 
come into play, and many conditions 
must be observed. The cell constant, k, 
must first be determined by using some 
substance whose molecular conductivity 
for a given dilution and temperature is 
known. The wire must be calibrated, and 
corresponding corrections applied. Water 
must be especially purified for all con- 





*The following paragraph is taken from ‘* Theory of 
Electrolytic Dissociation,” pp. 205-206. = 


ELECTRICAL. REVIEW: 


ductivity work and the conductivity of the 
water used in preparing the solutions 
must always be determined. These and 
many other conditions must be observed, 
but space will not permit of a further 
discussion of these details in this connec- 
tion. If it is desired to apply the above 
method, reference-must be had to some of 


the works* which deal with this question 
in detail. 


The effect of temperature on the conduc- 
tivity of solutions is so pronounced and of 
such a nature, that it can not be passed 
over with a mere reference. The con- 
ductivity of a metallic wire decreases 
with increase in temperature. As the 
temperature of a piece of metal is lowered 
its conductivity increases, until at abso- 
lute zero the conductivity would become 
infinite, or the resistance zero. 

With conductors of the second class, as 
solutions, the temperature coefficient has 
exactly the opposite sign. As the tem- 
perature is raised the conductivity in- 
creases, and very rapidly. That is, the 
temperature coefficient is positive for so- 
lutions of electrolytes, and very large. 
The magnitude can be seen from the fol- 
lowing experimental facts: The molec- 
ular conductivity of a normal solution of 
hydrochloric acid at 18 degrees is 280; at 
50 degrees, it is 404; at 80 degrees, it is 
519, while at 100 degrees, it is 590. 

In carrying out measurements of con- 
ductivity it is, therefore, necessary to 
keep the temperature constant to within 
very narrow limits, and for this purpose 
a number of thermo-regulators and ther- 
mostats have been devised and used. Here, 
again, for details reference must be had 
to some of the works which deal exhaust- 
ively with this subject. 


RESULTS OF THE MEASUREMENTS OF THE 
CONDUCTIVITIES OF SOLUTIONS. 


As quickly as the conductivities of 
substances in solution began to be stud- 
ied, the two great divisions into which 
all chemical compounds fall were dis- 
covered. We have those substances like 
cane sugar, dextrose, the alcohols, ethers, 
ketones, and, in general, the great body 
of neutral organic compounds, whose so- 
lutions are no better conductors of the 
current than pure water. These non-elec- 
trolytes include, roughly speaking, per- 
haps half of the chemical compounds 
known. 

We have, on the other hand, those sub- 
stances whose solutions all conduct the 
current, known as electrolytes. These 





* For details in moms out a conductivity measure- 
ment, see works b twald and Kohl: auscn, and also 
Freezing point, Boiling — and Conductivity measure- 
ments y7 Jones. (Chemical Publishing Company, 
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include all the acids, all the bases, and 
all the salts of strong acids with strong 
bases, or of weak acids with weak bases. 
We find in this class something like half 
the chemical compounds known. If we 
come to examine more closely the electro- 
lytes themselves we find marked differences 
between the conducting powers of differ- 
ent members of this class. The best con- 
ductors are the strong mineral acids like 
hydrochloric, nitric, hydrobromic, ete. 
Next in order come the strong bases, in- 
cluding those of the alkali and alkaline 
earth metals, such as potassium and sod- 
ium hydroxides, calcium, barium, and 
strontium hydroxides, but not ammonium 
hydroxide, which is a poor conductor. 
Finally, among the good conductors of 
the current when in solution are the salts 
in general; but within this class marked 
differences exist. All the ordinary salts 
are vood conductors, though not as good 
as the bases, and still less than the acids, 
but the salts of a few metals like cadmium 
and mercury are in general only fair con- 
ductors of electricity, and some of the 
salts of these two metals, such as the 
halides, cyanides, etc., are really to be 
ranked among the poor conductors. 

The above are the good conductors of 
electricity in solutions. We find, however, 
among the electrolytes, nearly all grades 
of conductivity represented. Among the 
organic acids and bases some are quite 
good conductors, like formic and oxalic 
acids, and the substituted ammonias, 
while acetic and hydrocyanic acids, and 
ammonia are among the very poor con- 
ductors. 

It might be thought from this that there 
are all grades of conductivity represented, 
and that the distinction between electro- 
lytes and non-electrolytes is not a sharp 
one. It is true that among the electro- 
lytes nearly all grades of conductivity 
are represented, but there is a sharp dis- 
tinction between those substances which 
have any conductivity and those which 
have none, and this is the line of division 
between the electrolytes and the non- 
electrolytes. 

An experimental demonstration of the 
different conducting powers of different 
substances has been furnished by Noyes 
and Blanchard,* and which they say was 
devised by Whitney. Half-normal solutions 
of hydrochloric, sulphuric, chloracetic and 
acetic acids were prepared, and an equal 
volume of each introduced into a glass 
tube about 20 cm. long and 3 em. internal 
diameter, which already contained a meas- 
ured volume of water. Glass tubes carry- 
ing copper wires pass into these tubes 





* Jour. Amer. Chem. Soc., xxii, 786. 
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through rubber stoppers; the wires ter- 
minating in platinum plates which are 
placed horizontally and dip into the solu- 
tions. These glass tubes can be readily 
shoved up and down through the rubber 
stoppers which close the tops of the large 
glass tubes, so that the platinum plate can 
be placed at any desired position in the 
glass tube. The wire from the bottom of 
each tube, connecting with a second 
electrode, passes through a 110-volt, 32- 
candle-power lamp, the other side of 
each lamp being connected with one wire 
from a 110-volt alternating-current dy- 
nomo. The other wire from the dynamo 
connects with the wires leading into the 
tops of the four glass tubes. 

The authors recommend that 100 cubic 
centimetres of water and 5 cubic centi- 
metres of one of the solutions be 
added to each tube. After the solu- 
tions in the tubes have become homogen- 
eous, the currenf“is closed and the posi- 


From Dynamo 











To Dynamo 


Fig. 8.— APPARATUS FOR SHOWING DIFFER- 
ENCES IN CONDUCTING PowWER. 


tions of the electrodes so adjusted in the 
four tubes that the lamps are all equally 
bright. If the electrode in the hydro- 
chloric acid is placed at the top of the 
tube, that in the sulphuric acid will be 
about one-fourth from the top, that in the 
chloracetic acid will be about three-fourths 
from the top, while in the solution of 
acetic acid the movable electrode will near- 
ly touch the electrode placed at the bottom 
of the tube. These distances between the 
electrodes in the four tubes show the rela- 
tive conductivities of the four substances. 
Hydrochloric acid is the best conductor, 
since an equal amount of current passes 
through it when the electrodes are the 
farthest apart; sulphuric acid comes next, 
requiring the electrodes to be somewhat 
closer in order that the same amount of 
current may pass; chloracetic acid next, 
and then acetic acid, which is such a poor 
conductor that the electrodes must be 
very near together in order that the given 
amount of current may pass. 

The authors also point out that this ex- 
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periment can be used to illustrate another 
point. If we just neutralize the acid in each 
cylinder with a base and form the corre- 
sponding salt, and then repeat the above 
experiment, we shall find that when the 
lights are all equally brilliant the elec- 
trodes in the four cylinders are equally 
distant apart. This shows that while the 
four acids have very different conducting 
powers, their salts with a given base are 
equally good conductors. 


KOHLRAUSCH’S LAW OF CONDUCTIVITY. 


If we study the conductivity of any given 
electrolyte—say a strong acid—we would 
find that the molecular conductivity in- 
creases as the dilution of the solution in- 
creases. This means that the actual re- 
sistance of the solution does not increase 
as rapidly as the dilution of the solution. 


* This increase in the conductivity with the 


dilution goes on until a certain dilution is 
reached, and beyond this point the molec- 
ular conductivity does not further in- 
crease, but remains constant. The dilu- 
tion at which the molecular conductivities 
of the strongly dissociated electrolytes be- 
come constant is about 1,000 litres; 4. e., 
1,000 litres of such a solution would con- 
tain a gram-molecular weight of the elec- 
trolyte. 

If the electrolyte is a poor conductor, 
the same general remarks apply. The 
molecular conductivity increases with the 
dilution, and continues to increase even at 
very great dilutions. Indeed, if the com- 
pound in question is such a poor con- 
ductor as ammonia or acetic acid, the 
molecular conductivity will increase with 
the dilution even at the greatest dilutions 
to which the conductivity method can be 
applied. In such cases the maximum 
constant value of the molecular conductiv- 
ity can not be obtained by direct applica- 
tion of the conductivity method, but some 
indirect method must be employed. 

This maximum constant value of the 
molecular conductivity for any substance 
has been given a specific name. It is 
known as the pw, for the substance. 
It is between the values of yw,. for 
different substances that Kohlrausch dis- 
covered a generalization of wide-reaching 
importance. Comparing the values of 
w, for different electrolytes contain- 
ing a common ion he obtained such results 
as these: 

Potassium chloride, w, at 18° =121.7 
Sodium - “" « 6 102.4 


Difference= 19.3 
Potassium bromide, » at 18° = 141.0 
Sodium sé ec « =©=6=121.0 


Difference = 20.0 
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Such relations are general. The differ- 
ence between the values of », for any 
two compounds containing a common ion 
combined with two different ions, is the 
same as the difference between the values 
of w, for any other two compounds 
containing these same different ions com- 
bined with any other common ion. 

In order that this may be true the value 
of pw, must be made up of two con- 
stants, the one depending upon the anion 
and the other upon the cation. If we rep- 
resent these constants bya and c¢, respect- 
ively, the above relation would be formu- 
lated thus: 

Bw = ate. 

Since the conductivity of a solution de- 
pends upon the number of ions present 
and the velocities with which they move, 
and since the value of », has to do with 
complete dissociation of comparable quan- 
tities of substances and, therefore, with 
the same number of ions, its value depends 
upon the velocities with which the ions 
move. The two constants, a and c, in the 
above equation are, then, proportional to 
the velocities of the anion and cation, re- 
spectively. 

The above law is generally known as the 
law of the independent migration veloc- 
ities of the ions, each ion moving with a 
velocity which is independent of the 
nature of the other ion or ions with which 
it is associated in the solution. 


THE VELOCITY OF IONS DETERMINED BY 
MEANS OF THE LAW OF KOHLRAUSCH. 


In the preceding chapter we dis- 
cussed methods for determining rela- 
tive velocities of ions in general, and 
methods for determining the absolute 
velocities of a few ions. The law of 
Kohlrausch opens up new possibilities 
in the field of ionic velocities, as we 
can readily see. The sum of a and ¢, as 
we have seen, is w,, and a and ¢ are either 
the velocities of the anions and cations, 
respectively, or are a multiple of these 
velocities, and it has been shown that they 
are the velocities of these ions. We thus 
havea+c=yp,. From the study of the 
relative velocities of ions we obtained the 
ratio of c to a. We, then, know c+a 


and < and can calculate at once the abso- 


lute velocities of the ions. 

The velocities of the ions, as thus de- 
termined, using Kohlrausch’s law, agree 
very well with the results obtained by the 
methods described in the preceding chap- 
ter, as far as the results for the same ions 
have been determined by the different 
methods. The law of Kohlrausch is, then, 
undoubtedly correct, and greatly simplifies 
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the whole problem of the conductivity of 
solutions. 

. Suppose it is desired to determine the 
yelocities.of the complex anions into which 
the organic acids dissociate. It would be 
impossible to determine directly the values 
of w, for these acids, since they are so 
slightly dissociated that », would be 
reached only at. such great dilutions that 
the conductivity method would not be 
applicable to them. Some salts of these 
acids” would be prepared, say the sodium 
salt, which is completely dissociated even 
at moderate: dilutions, The value of p, 
for the sodium salt would be determined, 
from this the constant for sodium would 
be subtracted, and the remainder would 
be the constant or velocity of the anion in 
question. The first question which would 
naturally arise would be; what effect 
would the composition of the ion have on 
its velocity? As we would expect, it was 
found that the more complex the ion the 
less its velocity. 

The effect of the chemical constitution 
of the ion on its velocity was also studied, 
and it was shown by studying isomeric 
ions, which have the same composition 
but different constitution, that constitu- 
tion has very little influence on the veloc- 
ity of complex organic anions. 

The velocities of the complex cations of 
organic bases were studied by means of 
Kohlrausch’s law, in a manner strictly 
analagous to that just described for the 
complex anions of organic acids. The 
value of », for the poorly conducting 
base could not be determined directly by 
the conductivity method, and a salt of the 
base which would be strongly dissociated, 
was prepared and the value of mw, for 
the salt ascertained. If the chloride of 
‘the base was used the constant for chlo- 
rine was subtracted from the value for p, 
for the salt, and the remainder, from 
Kohlrausch’s law, is the velocity of the 
cation of the base. Similar results were 
‘obtained by Bredig for the velocities of 
‘the complex cations of organic bases as 
had been obtained by Ostwald for the 
complex anions of organic acids. 


THE CONDUCTIVITY OF ELECTROLYTES AS A 
' “MEASURE OF THEIR DISSOCIATION. 


We have constantly referred to the 
dissociation of electrolytes in solution, 
and have pointed out one convenient 
.method, based: upon the lowering of 
.the freezing point of solvents by dis- 
solved substances, for measuring the 
-amount of dissociation. The conduc- 


tivity. of electrolytes furnishes us with 
nother, and perhaps still more convenient 
gaethod for measuring dissociation. The 
- principle upon which the. method is based 
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is very simple. If the substance is not 
dissociated, the solution would have no 
conductivity at all, as is shown by solu- 
tions of non-electrolytes, which do not 
conduct the current to even a slight ex- 
tent. This shows that molecules have no 
power to carry the current, since in solu- 
tions of non-electrolytes there is an abun- 
dance of molecules and yet no con- 
ductivity. 

We have seen that the molecular con- 
ductivity increases with the dilution up to 
a certain point, where it attains a maxi- 
mum, constant value. This means that 
all the molecules have broken down into 
ions. When there is no dissociation there 
is, then, no conductivity ; where dissocia- 
tion is complete the conductivity is a 
maximum. If the molecular conductivity 
is somewhere between. zero and a maxi- 


mum value, the dissociation is partial; - 


t. e., between zero per cent and 100 per 
cent, 

From the conductivity results it is, then, 
simply a matter of proportion to calculate 
the amount of dissociation of the electro- 
lyte. It is only necessary to divide the 
molecular conductivity at the dilution in 
question, by the maximum molecular con- 
ductivity obtained when the dissociation 
is complete, in order to obtain the percent- 
age of the dissociation of the electrolyte at 
the dilution with which we are dealing. If 
-we represent the molecular conductivity at 
a given dilution by »,, and the maxi- 
mum molecular conductivity for complete 
dissociation by p,, the percentage of 
dissociation a, is obtained thus : 


Bh 
, ee 


P.. 
.To measure dissociation by the conductiv- 
-ity method, it is only necessary, then, to 
determine the molecular conductivity of 
the substance at the given dilution whose 
volume is ¥, and the maximum molecular 
conductivity of the substance. - 

The first part of this problem is always 
very simple, involving only the determina- 
tion of conductivity in the usual way. 
‘The second part, involying the determina- 
tion of »,, is not always so simple a 
-matter.. If the electrolyte is strongly dis- 
‘sociated. the determination of mu, pre- 
sents no serious difficulties, It is only 
-tecessary to increase the dilution step by 
step, measuring the conductivity at’ each 
dilution, until the molecular conductivity 
has acquired a maximum, constant, value. 
This is the value of »,. For the more 
strongly dissociated electrolytes, this value 
is reached at a dilution of about 1,000 
litres in water as a solvent, and at this 
dilution there is no serious difficulty in 


strongly dissociated. 
termine the value of p, for a weak base 
like ammonium hydroxide, the salt of 
ammonia, with, some. acid like hydrochloric 
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making. a conductivity measurement by 
the Kohlrausch method, if the electrodes 
in the resistance vessel are placed close to- 
gether. For these high dilutions, where 
the resistance of the solution has become 
quite large, the plates should be placed close 
together in order that the resistance which 
must be thrown into the box to effect a 
balance near the centre of the bridge, may 
not be too large. If the resistance is very 
great the tone-minima in the telephone are 
not sharp. If, on the other hand, we are 
working with fairly concentrated solutions, 
whose resistance is small, the plates must 
be close together in order that an apprecia- 
ble resistance may be thrown into the box’ 
to bring the balance near the centre of the 
bridge ; since a sharp tone-minimum js not 
obtained when the resistance in the cir- 
cuit is too small, 

Difficulties in determining p,. arise 
only in -the cases of weakly dissociated 
electrolytes. In such cases the dissociation 
is not complete, even at a dilution of 
10,000 litres, and at greater dilutions 
the conductivity method is not applicable 
with even a fair degree of accuracy. With 
weakly dissociated electrolytes it is, there- 
fore, not possible to determine p, by 
the method employed with strongly disso- 
ciated substances; 1. ¢., by increasing the 
dilution step by step and measuring the 
molecular conductivity at each dilution 
until it reaches a maximum constant 
value. Some other method of determin- 
ing pw, for weakly dissociated com- 
pounds must be employed, or the con- 
ductivity method could not be used to 
measure the dissociation of these sub- 


stances. 


‘An indirect method of arriving at the 


values of », for weakly dissociated com- 
-pounds has, however, been worked, out on 
the ‘basis of: the law of Kohlrausch. 


While the organic acids and bases are 


weakly dissociated compounds, the salts of 


these substances, like salts in general, are 
If we wish to de- 


Is prepared, “and the value ‘of pw, for am- 
monium chloride is. ascertained in the 


“usual manner, by increasing the dilution 


step by step until the molecular.conductiv- 
ity has attained. a maximum, constant, 
yalue, From Kohlrausch’s law, », for 


-ammonium chloride is made up. of ‘two 
constants, one depending upon the am- 
“monium ion.and the other upon the chlo- 
_tine ion. If we subtract from the value of 


#,, for ammonium chloride, the constant 


‘for chlorine, the remainder will be the 
constant for the cation ammonium. The 
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value of u, for ammonium hydroxide is, 
from the law of Kohlrausch, the sum of 
the constants for the cation ammonium, 
and the anion hydroxyl. If, therefore, 
we add to the constant for ammonium, 
found as above described, the constant for 
hydroxyl, we have the values of pw, for 
the weakly dissociated base ammonium 
hydroxide. 

The procedure with weakly dissociated 
acids is strictly analogous to that just 
described for weakly dissociated bases. 
Suppose we wish to know the value of u, 
for acetic acid; this could not be deter- 
mined directly for reasons already indi- 
cated. A salt of the acid with some base 
like potassium hydroxide is prepared, 
and the value of uw, for potassium acetate 
determined in the usual manner. The 
constant for potassium is then subtracted 
from the value of yw, for potassium ace- 
tate, and the remainder is the constant 
for the anion of acetic acid CH,COO. 
If to this constant we add the constant 
for the cation hydrogen, the sum is the 
value of w,, for acetic acid. 

The conductivity method can thus be 
applied to measure the dissociation of 
weak acids and bases, as well as to meas- 
ure the dissociation of strongly dissociat- 
ed compounds. 

We have, then, two general methods 
which can be conveniently applied to 
measure. the- dissociation -of electrolytes 
—the conductivity method, and the 
- freezing-point method. The question 
of importance which naturally arises is, 
how do the results obtained by these two 


methods agree, when they are applied to 
the same solutions of the same substances ? 

The following comparison for a few 
compounds, taken from the conductivity 
measurements of Kohlrausch on the one 
hand, and from the freezing-point meas- 
urements of Jones, on the other, will an- 
swer this question. 


Coneentra- Dissociation 

a — are Amery rom 
olee. - ing- t = < 

Normal. Lowering. Conductivity. 

Hydrochloric acid....0.002 98.4percent. 100.0 percent. 
3 oer ee” , Sa 


Dissociation 


2 98 
= © Lcd 88.6 93.9 
Potassium hydroxide.0.002 98.4 ie “= 
= s 001 93.7 99.2 
o - 0.1 83.1 si os °* 
Sodium chloride...... 0.001 98.4 ‘* 98.0 
ud netted 001 90.5 x 93.5 
hudued 0.1 84.1 84.1 


The agreement in a long series of com- 
parisons is about as close as we could ex- 
pect, under the different conditions under 
which the two sets of measurements were 
made. 


Reentgen Society of the United States. 





The second regular meeting of the 
Reentgen Society of the United States, 
will be held in Buffalo, N. Y., September 
10 and 11, at the University of Buffalo. 
The first session opens at 10 a. M. A 
‘number of papers aré to be read. 
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Officers of American Association for 
the Advancement of Science. 


Nearly 200 members of the American 
Association for the Advancement of 
Science were present when its fiftieth 
annual convention was called to order 
August 26, at Denver, by Professor R. 
S. Woodward, the retiring president. 

New officers were installed, as follows: 
President, Professor Charles S. Minot, 
of Boston; vice-presidents, Section A 
(mathematics and astronomy), James 
McMahon, of Cornell University; Sec- 
tion D (mechanical science and engi- 
neering), H. S. Jacoby, of Cornell Uni- 
versity ; Section G (botany), B. T. Gallo- 
way, of the United States Department of 
Agriculture; Section H (anthropology), 
J. Walter Fewkes, of the Bureau of 
American Ethnology; Section I (social 
and economical science), John Hyde, of 
the United States Department of Agri- 
culture; permanent secretary, L. O. How- 
ard, of the United States Department 
of Agriculture; general secretary, Will- 
iam Hallock, of Columbia University ; 
secretary to the council, D. T. Mac- 
Dougal, of the New York Botanical Gar- 
dens; treasurer, R. S. Woodward, of Co- 
lumbia University. 

Electrolytic Dissociation. 
[From Nature. 

The electrolytic dissociation theory of 
Arrhenius is severely criticised by Pro- 
fessor Kahlenberg in a paper in the Bul- 
letin of the University of Wisconsin (No. 
47, February, 1901), in which a great 
deal of experimental evidence in contra- 
diction to the theory is brought forward. 
Professor Kahlenberg has measured 
the conductivity of a number of elec- 
trolytes at 0 degrees and 95 degrees and 
calculated the degree of dissociation from 
these measurements as well as from de- 
terminations of the lowering of the freez- 
ing point and rise of the boiling point. 
The two sets of results he has thus ob- 
tained are far from concordant, from 
which he concludes that the dissociation 
theory is incorrect and doomed to early 
extinction. This theory, even though it 
has not met with universal acceptance, is 
not, we think, to be so easily overthrown, 
especially until some more satisfactory 
and fruitful alternative hypothesis is put 
forward to take its place. It is interest- 
ing to note that another American pro- 


fessor, Professor H. ©. Jones, of the Johns 
Hopkins University, is now contributing 
a series of valuable “Chapters on Electro- 
chemistry” to the ELEctricat Review, of 
New York, in which the subject is treated 
entirely from the point of view of the 
ionic theory, of which Professor Jones 
is a vigorous adherent. 
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Redistribution of Population. 
To THE Eprror oF THE ELECTRICAL REVIEW: 

I am gathering data regarding the ef- 
fect of the telephone and the electric 
street railway upon the redistribution of 
population now going on between city 
and country, and the effect of these 
agencies upon the rural districts. Can 
you direct me to sources of reliable in- 
formation? Anything you can help me 
to will be appreciated. 

FRANK W. MERRICK, 
122 Béach street, 
Roslindale, Mass. 
August 21, 1901. 


Electricity in the Treatment of 
Tuberculosis. 

Mr. Chrisholm Williams, of London, 
has described his results in the treatment 
of pulmonary tuberculosis by means of 
electrical currents of high frequency and 
high potential. He gives the results in 
43 cases so treated, all being of a severe 
type. At first after each application, the 
temperature rose, but each successive rise 
was less, and when no rise followed, arrest 
of the disease had occurred. Cough was 
lessened. Expectoration at first was in- 
creased, and sometimes became rusty, but 
its offensiveness lessened and eventually 
became almost absent. The number of the 
bacilli first increased, then decreased. 
Weight was put on, and all the symptoms 
were coincidentally alleviated. The aver- 
age term of treatment was about three 
months. 





ililiilnnoae, 
Electric Current as an Anesthetic 
For three months MM. L. R. Regnier 
and G. Didsbury have carried on experi- 
ments with the purpose of ascertaining 
whether it were possible to accomplish 
local anesthesia with the aid of currents 
of high frequency and great intensity. 
The apparatus was furnished by Professor 
d’Arsonval, and was equipped with special 
electrodes. The results obtained from 
their experiments, which were made in ex- 
tracting teeth, confirmed the facts which 
were first put forth by Professor d’Arson- 
val. In extracting the incisors and also 
in extracting the canines the operation 
was almost entirely painless, but the re- 
sults in the case of molars were variable. 
The first molars are generally taken out 


without pain, but the work of extracting 
the second is less successful. The in- 
tensity employed was from 100 to 150 
milliamperes, and the time of the applica- 


‘tion of the current was five minutes. No 
- disagreeable sensation was experienced 


when.the current was turned on and there 
were no bad after effects. These experi- 
ments are to be continued and.their results 
published later on. 


| 
| 
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DEVELOPMENT OF THE NERNST LAMP 
IN AM: RICA, 


BY ALEXANDER JAY WURTS. 











«Concluded ) 

The quality of the light is remarkable 
for its beauty and close approximation to 
daylight. All colors are seen in their 
proper shade, making the light especially 
desirable in stores, art galleries, drawing- 
rooms and the like. Dhe’ absence of 
shadow, the steadiness of the light, the 
simplicity and low cost of maintenance, 
the high efficiency of the lamp, and the 
fact that it is operative on 3,000 alterna- 
tions, are features that will commend 
themselves strongly to the lighting world. 

EFFICIENCY. 


It is not an easy matter to state the effi- 
ciency of a light, and the difficulties are 
especially pronounced in the case of the 
Nernst lamp. It would seem desirable, 
therefore, to give the results of various 
methods of measurement and comparison 
rather than to make any definite statement 
based .on any particular method or set 
of readings. Referring, therefore, to the 
six-glower, 220-volt, alternating-current 
lamp, from which most of the data has 
been obtained, we may note the following: 

A 220-volt glower operating at its nor- 
mal current of 0.4 of an ampere, requires 
20 volts more in the open air than when 
burning with five other glowers in a three- 
inch globe. The lower voltage and con- 
sequently the improved efficiency, when 
multiple glowers are placed in a globe, 
is due to the fact that the glowers are 
operating in a highly heated atmosphere. 
The efficiency of the six-glower iamp with 
clear heater case, but without the dome 
shade, is 1.2 watts measured in the direc- 
tion of greatest intensity. 

A more satisfactory statement will be 
found in the accompanying table giving 
the spherical and glower hemispherical 
efficiencies of the six-glower Nernst lamp, 
together with the corresponding figures 
for alternating-current and direct-current 
enclosed are lamps: 


©£LECTRICAL REVIEW 


The are lamp figures were taken from 
the Report of the Committee for Investi- 
gating the Photometric Values of Arc 
Lamps, read before the National Electric 
Light Association in May, 1900. Exam- 
ining this table, it will be noticed that the 
spherical efficiency of both arc lamps is 
better than that of the Nernst. In the 
lower hemisphere, the Nernst is somewhat 
better than the alternating-current are and 
not as efficient as the direct-current are. 

When reflecting shades are used, the 
alternating-current are again has a slight 
advantage for the whole of the lower 
hemisphere ; but if we disregard the mean 
of the lower hemisphere and consider the 
floor or desk illuminating power of the 
lamp, we find that the Nernst lamp 
has a very decided advantage over the 
enclosed alternating-cur- 
rent arc; for example, if 
we consider the mean of 
the lowest 30-degree zone, 
the efficiency of the en- 
closed alternating-current 
are is 1.56 watts against 
one watt for the Nernst, 
and the mean of the low- 
est 60-degree zone is for 
the enclosed alternating- 
current arc, 1.45 watts 
against 1.23 watts for the 
Nernst. 

Comparisons between 
the illuminating powers 
of the Nernst and incan- 
descent lamps indicate a 
watt consumption in the 
Nernst lamp a little less 
than half of that in the 
incandescent for equal il- 
lumination. The supe- 
rior quality of the Nernst 
lamp is also very marked 
both for reading purposes 
and for the correct deter- 
mination of color. 

A similar comparison 
between the illuminating 
power of the Nernst and 
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inner globe or heater-case was used in all cases mas four readings marked *, 


* 4 clear heater-case and sandblasted spherical globe were u 
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enclosed alternating-current are lamps 
shows for an equal consumption of watts 
in the two lamps, a much superior floor il- 
lumination for the Nernst lamp. Although 
the measurement shows a slightly better 
general illumination for the are lamp, yet 
the quality and steadiness of the Nernst 
light, together with the entire absence of 
shadow, give an impression of decided 
superiority in favor of the Nernst. 

The two sets of curves, Figs. 8 and 9, 
show interesting comparisons between the 
Nernst and incandescent lamps under con- 
ditions of varying voltage. Fig. 8 shows 
the relative change in candle-power and 
Fig. 9 the relative change in efficiency, 
all the variations in each case being given 
in per cent of normal conditions. These 
curves are self-explanatory except as to 


Fia. 8. 


the remarkable steadiness of candle-power 
in the Nernst lamp when forced above 
normal voltage. The feature is due to the 
great corrective power of the iron ballast. 

At present our data regarding the effect 
of running Nernst lamps at different effi- 
ciencies is rather limited. Figures of this 
character require many readings under all 
kinds of conditions and it may be some 
time before these can be satisfactorily and 
definitely recorded, but roughly, it may 
be stated that the efficiency of the glowers 
falls but slightly during their natural life, 
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provided the lamps are kept properly 
cleaned. 
PERFORMANCE OF THE LAMP. 
At the present writing, July 15, there 
are in operation, at East Pittsburgh, 73 
six-glower lamps, one three-glower and 


ELECTRICAL KEVIEW 


Electricity Building by festooning 92 six- 
glower lamps from a pendent chandelier 
consisting of a central lamp of 30 glowers 
and 2,000 candle-power, encircled with 
six lamps of the six-glower type; on the 
floor, variously distributed, there are 12 


Vortace = Erriciency CHaRActeristics. 
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three single glower ; in our laboratory and 
shop at Allegheny, 40 six-glower, 10 three- 
glower and 21 single-glower lamps; in the 
courtyard we have four outdoor six-glower 
lamps, and in the tumbling room of the 
foundry one outdoor six-glower lamp, all 
running on alternating current at 220 
volts. In addition to these, there are 14 


six-glower, 24 three- 
glower and eight one- 
glower lamps. These 
figures are intended 
to give some idea of 
the scale on which the 
Nernst lamp has been 
developed and _ the 





Fia. 


single glower, direct-current, 110-volt 
lamps in Mr. Westinghouse’s residence, 
making a total of something like 50,000 
candle-power in and about Pittsburgh. 
At the Pan-American Exposition we have 
lighted the interior of the dome of the 


10. 


resources which have been placed at our 
disposal. 

Seventeen six-glower lamps have been 
running at Pittsburgh for more than a 
year, and are now showing an average life 


of 800 hours per glower, A similar record 
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has been made with 14 six-glower lamps 
operated in Allegheny for about a year 
and a half. The four outdoor six-glower 
lamps have been running every night dur- 
ing the last 12 months through all kinds 
of weather,‘and up to the present time 





Fic. 11. —HEATER TuBEés AND GLOWERS. 





Fie. 12.—HoLpERs For Six, Two AND [HREE AND ONE GLOWER LAMPS, 
SHOWING AN ALUMINUM PLUG READY TO BE INSERTED. 


have not given a moment’s trouble. The 
six-glower lamp in the tumbling room 
of the foundry failed in the cutout 
at the end of 1,000 hours owing to 
the accumulation of a bunch of iron 
dust on the pole of the cutout magnet, but 
a few strokes of a brush removed the diffi- 
culty and the lamp was continued in serv- 
ice. 

The line service to these lamps has been 
fairly good for a shop circuit. As a mat- 
ter of record, however, it was decided to 
test four six-glower lamps on a circuit 
having wide voltage fluctuations and to 
keep a record of the service and the lamp 
performance. The record follows: 

Four six-glower, 220-volt lamps were 
run 1,000 hours. The run was continuous 
with the exception of three periods per 
day of one-half hour each when the lamps 
were turned off. A record of the voltage 
was kept with a Bristol recording volt- 
meter. An inspection of the voltmeter 
cards show that these may be classified un- 
der three types. Of the first there were 
15 cards, indicating that the voltage did 
not rise higher than 229 volts, and only 
remained there for a short period. Of the 
second type there were 26 cards, in which 
the voltage reached a maximum of 232 


camer cmereor 
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volts, maintaining this for about four 
hours. Of the third type there were four 
cards, showing a rise of voltage of 237 
and remaining at 235 for five hours. 
These cards show that the lamps have been 
tested on a circuit, pressure of which 
varies from four per cent below to seven 
and one-half per cent above normal. 
There were no ballasts or heaters burned 
out during this run, nor did the lamps re- 
ceive any attention or give any trouble. 
Of the 24 glowers in these lamps, 


15 ran 1,000 hours; 


6 ran 1792 hours; 
1 ran 580 hours; 
2 ran 380 hours; 


making an average of 890 hours. 

The three, two and one-glower, 220-volt, 
alternating-current lamps have given 
equally satisfactory service, but the glow- 
ers in the 110-volt alternating-current 
lamp are not quite so uniform in their per- 
formance and the same glowers on direct 





Fic 13. 


current are comparatively short-lived, 
averaging in the neighborhood of 150 
hours; 220-volt glowers, however, on a 
direct-current circuit would last nearly 
double that time. At East Pittsburgh, 
where a section of the Westinghouse works 
about 350 feet long is lighted with 50 
‘six-glower lamps suspended immediately 
above the traveling cranes, the features 
which strike me more forcibly than any- 
thing else are the beauty of the illumina- 
tion and the total absence of shadow and 
flicker so intimately associated with the 
electric are illumination in places of this 
character. 

In connection with this topic it will be 
interesting to note just what is going on in 
the lamp during the time of lighting, also 
during service under varying conditions 
of line voltage. Referring to Fig. 10, we 
have a curve showing the current taken by 
a six-glower, 220-volt lamp during the 
lighting period. It will be noticed that as 
the current is turned on, there is a sudden 
rush of nearly 3.5 amperes through the 
heater, which, owing to the temperature 
correction of the platinum wire, is quickly 





PARTS OF THE SINGLE GLOWEK I.AMP. 


ELECTRICAL REVIEW 


reduced to about 1:3 amperes. At the end 
of 26 seconds the first glower begins to 
light, at the end of 30 seconds the second 
glower is lighted and the heater is cut out, 
the current dropping at once to .75 of an 
ampere ; the remaining glowers then light 
rapidly until at the end of 40 seconds all 
the glowers are lighted. From this point 
on there is a slight drop in the current 
until the lamp reaches its normal running 
temperature. 

Referring once more to Fig. 5, we find 
the current and voltage characteristics of 
the different elements of the lamp, and 
above these the characteristics of the lamp 
itself, the latter being the sum of the cut- 





TYPE. 


out coil, the ballast and the glower. The 
lamp curve was taken from actual meas- 
urements and approximates very closely 
to the sum of the elements, the slight 
difference probably being due to some dif- 
ferences of temperature. The voltage 
scale for the cutout and ballast curves will 
be found on the right-hand side of the 
diagram ; that of the glower and lamp on 
the left-hand side. Your attention is 
now directed to the excellent characteris- 
tic of this lamp, and when we consider the 
severe conditions imposed by the glower 
characteristic, I think we are to be con- 
gratulated on the results which have been 
attained. With a normal in the lamp of 
2.4 amperes and 220 volts, it will be 
noticed that an increase of 14 per cent in 
voltage causes but a 10 per cent increase 
in current, resulting in a comparatively 
steady light and safe running conditions 
for the lamp in commercial service. A 
rise of 25 per cent in the line voltage 
would burn out the ballasts in a very short 
time, but a rise of 10 per cent for short 
periods does not seriously affect the life 
of either glower or ballast; a rise of five 





Fig. 14.—Two AND THREE- 
GLowER Lamp, INDooR 
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per cent may be considered allowable for 
indefinite periods. 
REPAIR AND MAINTENANCE. 

When the lamps are first started they 
require no attention. After 1,000 hours, 
however, the renewals become fairly regu- 
lar and our experience shows an average 
life of 800 hours for the glowers, 2,000 to 
3,000 hours for the heaters and an indefin- 
itely long life for the ballasts. It will, how- 
ever, be some time before the average life 
of the heaters and ballasts can be definitely 
determined. The attention which these 
lamps receive consists in having the in- 
spector examine the lamps once a week 
through a colored glass to determine 





Fig. 15.—S1ix-GLowER LAMP, 
InpooR TYPE. 


whether or not all six glowers are burning. 
If two glowers are out, the lamp is turned 
off, the holder removed and two new glow- 
ers inserted ; the holder is then returned 
to its place and the lamp continued in 
service. Aside from such renewals, these 
lamps have not given the least trouble. 

On the occasion of starting up 50 six- 
glower lamps at East Pittsburgh, one of 
the engineers who had had considerable 
experience with arc lamps, remarked that 
my troubles would now begin ; but, frank- 
ly, I think he was mistaken. Aside from 
the renewal of the perishable parts, I see 
nothing in the lamp which could possibly 
cause trouble except under the most extra- 
ordinary circumstances. In fact, should 
a lamp receiving proper attention fail to 
light, I would look for the trouble élse- 
where than in the lamp. 

In commercial service it is intended that 
the central station shall make the renewals 
in the holders. The customer will be pro- 
vided with a case containing a suitable 
number of complete holders, ready for serv- 
ice, so that when a renewal is to be made 
the customer wiil simply remove the old 
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holder and insert a new one, such opera- 
tion consuming but a moment’s time; 
then, at convenient periods, the old holders 
will be exchanged for new. Where lamps 
are used in quantity, the renewals will 
probably be made by the local attendant. 
The replacing of a ballast requires the 
removal of the lamp from the circuit, but 
after that the renewal is easily and quickly 
made. A slight withdrawal of one screw 
releases the ballast tube from its socket, 
whereupon the small aluminum terminal 
plugs may be withdrawn and the new bal- 
last inserted. This operation does not 
require any tools other than a pair of 





Fie. 16.— How To GRIP THE 
HoLpeR WITHOUT DISTURBING 
THE GLOWER. 
small tweezers, and the renewal can be 
made without returning the lamp to the 
work-bench. 

After about 100 lamp-hours, the heater 
case becomes somewhat discolored, and, 
for first-class maintenance, this should be 
cleaned at the end of that time. The fol- 
lowing instructions for the care and in- 
spection of the Nernst lamps are observed 
at East Pittsburgh: 

Inspection of the lamps—The lamps 
should be inspected every 100 lamp-hours. 
After being turned off, the lamp is turned 
on, and it is noted whether all the heater 
tubes become bright. If any of the heater 
tubes are burned out, the holder is re- 
placed by a new one. 

If the heaters are intact, the number of 
glowers burning: is determined. If five 
or six are burning, the lamp needs no at- 
tention. 

If less than five glowers are burning, 
the lamp is to be turned off, the holder 
taken out and the number of broken glow- 
ers determined by inspection. If the num- 


Fie. 17.—Srx-GLowerR Lamp, 
Ovut-Door TYPE. 
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ber of broken glowers is less than the 
numbers of glowers that were out, one or 
more ballasts are out of order and the 
lamp is to be taken down at once and the 
defective ballast replaced. When two or 
more glowers are burned out, the holder 
is to be replaced by a reserve holder. 

Ballasts—These are supplied in boxes 
marked “Ballast for six-glower lamps,” 
“Ballasts for one-glower lamps,” ete. 
Burned-out ballasts are to be renewed as 
soon as discovered and may be replaced 
without taking the lamp to the work- 
bench. - 

Heater case—This receives a coat of 


platinum black on the inside and should 
be replaced every 100 lamp-hours by a 
clean heater case. The coating may be re- 
moved from the old heater case with a 
bristle brush running at a high rate of 
speed. The heater case may then be used 
over again. 

Glowers—These are supplied in glass 
tubes markeu with the voltage of the lamp 
for which the glower is intended, thus, 
“Glowers for 220-volt, six-glower lamps.” 
Glowers marked for six-glower are not to 
be used in a three or one-glower lamp, or 
vice versa. 

Heaters—These are wound for 110 volts 
and are so marked. They are connected 
two in series for 220 volts. In the six- 
glower lamp there are four tubes connect- 
ed in multiple series. 

Heater porcelain—(This is the porce- 
lain disk immediately behind the heater). 
The heater porcelain is given a white 
coating which becomes fairly hard, but 
can be easily scraped or brushed off when 
it becomes covered with platinum black. 


Fie. 18.—Tuirty-GLower Lamp, 
INDOOR TYPE. 
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When a holder with a black heater porce- 
lain is removed,the glowers should be taken 
out, the old coat brushed off, except direct- 
ly under the heater tubes, and a new coat 
of “heater porcelain paste” applied. This 
paste is a white powder which is to be 
mixed with water and applied with a 
camel’s hair brush. After replacing the 
heater porcelain and allowing it to dry in 
the air, run the heater for two minutes on 
220 volts, placing the holder in a heater 
case. This hardens the coating, after 
which the glowers may be replaced. 
Cost—It is too early -to say anything 
definite about the cost of these lamps. 





Fic. 19. — SrinGLE-GLOWER Lamp, 
InpooR TYPE. 


Fourteen or fifteen dollars would seem to 
be a fair price for a six-glower lamp, other 
lamps in about the proportion of the num- 
ber of glowers. It is estimated that the 
cost of renewals will be considerably less 
than for enclosed are lamps. Provision 
will be made for the return of the perish- 
able parts containing platinum. 
CONCLUSION. 

In closing, let me say that the Nernst 
lamp can in no sense be considered an 
experimental device. The development of 
details connected therewith has continued 
until all question of doubt as to its com- 
mercial success has been removed by the 
operation of a large number of lamps of 
various sizes and finished pattern for ex- 
tended periods under commercial condi- 


tions, and it is confidently felt that the 
splendid exhibit of these lamps which may 
be seen at the Pan-American Exposition 
will prove a fitting demonstration of the 
complete and thorough manner in which 
the brilliant discovery of Dr. Nernst has 
been taken up and pushed forward in 
America, 
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THE CONTROL OF HIGH POTENTIAL 
SYSTEMS OF LARGE POWER.* 


BY E. W. RICE, JR. 


The enormous increase in the use of 
electricity for lighting, traction and pow- 
er has necessitated important changes in 
our generating stations. As the areas to 
be served have rapidly increased, corre- 
sponding increases have been made in the 
size of these stations and in the electrical 
potentials employed. The change has 
been due not only to the great natural 
growth but to the consolidation of gener- 
ating machinery into fewer stations. In- 
stead of a number of separate stations, 
containing relatively small units, pro- 
ducing electricity at comparatively low 
voltage with relatively large transmission 
losses, we now frequently find one large 
central station » containing generating 
units of great size delivering electricity 
at a high potential. Dynamos of 2,000 
to 5,000 kilowatts capacity are displacing 
those of 200 to 500 kilowatts, and press- 
ures of 5,000 to 15,000 volts those of 
1,000 to 2,000 volts. The design and 
manufacture of large generating units of 
this character have called for engineering 
skill of a high order, and it can now be 
fairly claimed that the production of 
such machines has been reduced to an 
exact science. 

The rapid evolution and present per- 
fection in dynamo design have been due 
to the skill with which the various prob- 
lems have been solved by the designing 
engineers and to the ease with which the 
data based upon machines of relatively 
small size were applied to those of larger 
size. 

It is evident, however, that great ad- 
vances in the capacity and voltage of gen- 
erators would be useless, if not positively 
dangerous, unless adequate means for con- 
trolling and switching the electrical cur- 
rent were at hand. The evolution of the 
dynamo was for a time more rapid than 
that of the devices for controlling and 
switching currents of large volume and 
potential. As a result, a number of ma- 
chines of large size were placed in oper- 
ation with comparatively inadequate 
methods of switching and controlling. 
The energy and power which can be 
safely concentrated in a single central 
station is obviously limited by the amount 
of current and voltage which switching 
devices can safely handle. This fact was 
especially forced upon the attention of 
the writer at the time when the company 
with which he is connected took the con- 
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tract for the equipment of the generating 
station of the Metropolitan Traction Com- 
pany, of New York. This station was to 
contain eleven (11) three-phase dyna- 
mos, each of 3,500 kilowatts output at 
6,600 volts. In order to realize the full 
economy of such a station, it was, of 
course, necessary that all the generators 
should supply current to a common bus- 
bar, and that from these bus-bars the cur- 
rent should be distributed through feed- 
ers to a number of substations. The sub- 
stations were to contain rotary convert- 
ers, frequently working in multiple with 
large storage batteries on the direct cur- 
rent side. The characteristics of such a 
load prevented any reliance being placed 
upon the opening of the exciting cir- 
cuit of the generators in case of the neces- 
sity of a general shutdown, as the rotary 
converters would, under certain condi- 
tions, supply sufficient magnetizing cur- 
rent to excite the generators, even with 
the field windings of the generators un- 
excited. It became, therefore, essential 
to produce a switching mechanism which 
would enable the generators to be con- 
nected and disconnected from the bus- 
bars with certainty and safety under all 
conditions of load, even up to a short 
circuit, and also that the various feeders 
supplying the substations should be capa- 
ble of the same treatment. Three types 
of switching devices were available for 
this work and were carefully considered : 

1. Switches breaking the circuit in 
the open air. 

2. Switches arranged to break the cir- 
cuit in an enclosed air space. 

3. Switches arranged to break the cir- 
cuit under oil. 

Switches of the first type (open air) 
were impracticable, because the space de- 
manded to make such switches operative 
could not be provided. 

Switches of the second type (enclosed 
air) had no such limitation, but oil break 
switches were found to meet the con- 
ditions more perfectly. Tests conducted 
showed that energy up to 2,000 or 3,000 
kilowatts could be controlled in a single 
switch at potentials as high as 1,500 volts, 
which was the limit of the apparatus at 
our disposal at the time. Switches of this 
type, however, as large as was considered 
necessary, required an amount of oil per 
switch so great as to be objectionable, in 
view of the large number of switches re- 
quired for generators and feeders. The 


problem then was to produce a switch 
which would retain all the advantages of 
the usual oil switch and at the same time 
minimize the quantity of oil. 


The type which was finally evolved and 
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employed in the Metropolitan installation 
has shown itself in practice to be re- 
markably successful. It is known as the 
Form “H” Oil Switch by the manu- 
facturers, and was designed by the writer, 
with the assistance of Mr. E. M. Hewlett. 
It was described by Mr. J. E. Wood- 
bridge in the Electrical World and Engi- 
neer of April 14, 1900. Reference to this 
article will give the details, which I need 
not here repeat; I shall simply outline 
the principal features. 

The switch, as designed for three-phase 
circuits, consists of three double-pole, 
single-phase switches, or elements. Each 
single-phase switch is contained in a fire- 
proof cell, but all three switches are de- 
signed to be operated simultaneously. 
Each single-phase element consists of two 
brass cylinders or cans, one can for each 
pole. The in-coming lead is attached to 
one of the cans and the out-going lead of 
the same phase to the other. Each cylin- 
der is nearly filled with oil and is covered 
by a metal cap which carries a long in- 
sulating sleeve. Two copper rods joined 
by a metallic cross-head and forming to- 
gether a U-shaped conductor, slide 
through the insulating sleeve and fit into 
tubular contacts at the bottom ofthe cans 
when closing the circuit. The cross-head 
of each U-shaped conductor is attached 
to a wooden rod, which extends through 
the top of the cell or casing which en- 
closes the switch, and is in turn attached 
to a metal cross-head operated by an air 
motor or an electric motor, as the case 
may be. The three-phases are seen, there- 
fore, to be broken or closed simultan- 
eously. When the three sets of U-shaped 
conductors are lifted, the circuit is broken 
under the coil at two points in each phase, 
or six points in each complete three-phase 
switch. The range of movement of the 
cross-head varies with the potential to be 
controlled, e. g., it is 12 inches in the 
switches in the Metropolitan Station for 
6,000 volts, and 17 inches in the switches 
for the Manhattan Station for 12,000 
volts. The brass cans are lined internally 
with fiber to prevent the arc from jump- 
ing from the rod to the metal of the can 
when it is drawn up through the oil. 
Each switch unit stands alone on its own 
foundation, with the three phases in three 
separate cells or spaces separated by brick 
walls. These brick partitions act as bar- 
riers and prevent any possible burn-out 
in one cell from spreading to the others. 
As an opening of two legs breaks a three- 
phase line, an are in one cell will not in- 
capacitate the switch. The circuit breaker 
or switch differs radically from older 
forms in the separation of the phases as 
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indicated, and also in the separation of 
the contacts for each phase, in two sep- 
arate oil pots. “This separation of the ter- 
minals of each phase gives two separate 
arcs, each enclosed in a space well re- 
moved from the others, so that the possi- 
bility of an are communicating from 
one pole to another is obviated. It will 
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Fig. 1 shows the switch used in the in- 
stallation of the Metropolitan Traction 
Company, New York. It is designed for 
6,600 volts and 300 to 800 amperes. 

Fig. 2 shows the same switch as modi- 
fied to suit the conditions of the Man- 
hattan electric installation. On account 
of the higher voltage the oil pots are 








Fie. 1.—PNEUMATICALLY OPERATED TyPE H SwitcH, METROPOLITAN 
TRACTION COMPANY’S STATION. 


be seen that in breaking a three-phase 
circuit, the are is produced in six inde- 
pendent oil pots. This method of con- 
struction, together with the separation 
of the phases in separate fireproof com- 
partments, accounts for the unusual ef- 
fectiveness of the switch in practical oper- 
ation. The general construction of the 
switch is clearly shown in the accompany- 
ing illustration. 





larger and a larger opening of the circuit 
is provided. The 12 covers for the oil 
pots are replaced by porcelain. It is de- 
signed for 12,000 volts and 300-800 
amperes. 

Fig. 3 illustrates the enclosed air tube 
type of switch already mentioned. This 
switch has given most excellent results 
on high-potential work. 

Fig. 4 shows the Form FK, or tank 
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oil switch, without tank for containing 
oil. 

Fig. 5 is a production from a photo 
taken at Kalamazoo of a special form of 
open air switch, The switch was open- 
ing a circuit of 25,000 volts and 60 am- 
peres at the time when the photograph 
was taken. 

It was at first thought that the use of 
oil switches for the control of high-poten- 
tial circuits would possibly result in reson- 
ance effects, particularly in circuits con- 


‘taining considerable capacity, such as 


underground cables or long overhead 
lines. A number of experiments have 
been conducted and the weight of evidence 
seems to be in favor of the oil switch as 
avoiding these effects. It has been found 
as an interesting fact that under the 


Fie. 2.—ELECTRICALLY OPERATED TyPE H SwitcH FOR THE MAN- 
HATTAN RAILWAY COMPANY, WITH BrICK PARTITION REMOVED. 


conditions described considerable dis- 
turbance due to resonance may occur upon 
the closing of a circuit. This is naturally 
independent of the character of the switch 
employed ; it may occur equally well with 
an oil, an enclosed air, or an open air 
switch. 

Upon the rupture of the circuit, how- 
ever, the results obtained from many tests 
indicate that open air switches are liable 
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to produce heavy resonance effects while 
the enclosed air and the oil switch are 
practically free from such effects. Ex- 
tensive experiments to determine this 
point were conducted prior to the pro- 
duction of the switches for the Metro- 
politan and Manhattan Stations. Very 
recently experiments of a more severe 
character have been conducted at Kala- 
mazoo, Mich. These tests were made at 
from 25,000 to 40,000 volts with from 
1,200 to 1,300 kilovolt ampere of highly 
inductive load, the power factor being 40 
to 60 per cent. The switches tested were 
the cylindrical oil switch, already de- 
scribed (Metropolitan type); an oil 
switch in which all the terminals were 
enclosed in a single tank of oil, called the 
tank oil switch, type “K”; a switch of the 
expulsion air tube type; and an open air 
switch in which the terminals were sim- 
ply separated long distances in free air. 
In making these tests an oscillograph 
was used to determine the time of break 
and other interesting effects, and a camera 
to photograph any particular instructive 
phenomena. 

The long break open air switch, which 
operates upon the principle of drawing 
a long arc in the open air, open the cir- 
cuit at 25,000 volts, but required several 
seconds of time and drew such a long arc 
as to be impracticable. At 40,000 volts 
the arc held and flared to a total distance 
of over 30 feet until it struck the line and 
short circuited the system, producing at 
the same time high-voltage oscillations 
equal to two or three times the normal 
potential of the system. It would, there- 
fore, seem that the open air switch was 
generally unsuitable for the control of 
high-voltage systems of large power, as 
even where sufficient room is available 
for their use, the production of high reso- 
nance effects tends to endanger the sys- 
tem. These tests also show that wherever 
a short circuiting are occurred in the open 
air, electric oscillations of high voltage 
resulted. These were probably due to the 
rapid alternate extinguishment and for- 
mation of the are during its period of in- 
terruption, the are acting somewhat in the 
manner of a Wehnelt interrupting de- 
vice. The dangerous character of short 
circuiting arcs emphasizes the need of the 
precautions which I shall mention in this 
paper; having in mind the avoidance, as 
far as possible, of such accidental short 
circuits. 

The expulsion tube air switch operated 
up to 25,000 volts, but failed at 40,000. 

The “K” oil switch operated satis- 
factorily on 1,200 to 1,300 kilovolt am- 
pere up to 25,000 volts, but at 40,000 
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volts it spat fire and occasionally emitted 
black smoke, thus seeming to be working 
at the limit of its capacity. No attempt 
was made to open short circuits with the 
“K” switch. 

The “H” oil switch never failed to 
open 1,200 to 1,300 kilovolt ampere at 
any voltage up to the maximum em- 
ployed, 40,000; the circuit opening noise- 
lessly and without the appearance of fire 
or emission of smoke at the switch. It 
was used as an emergency switch in all 
the tests to open short circuits on 25,000 
to 40,000 volts. The results of these and 
other tests, and the continued effective 
operation of the type “H” switch in the 
Metropolitan Station indicate that this 
type of oil switch will safely control cir- 
cuits of practically unlimited power at 
potentials considerably above 40,000 volts, 
probably as high as 100,000 volts. 

The character of the break when oper- 
ating properly was the same in all the 
switches except the open-air type. In 
opening, the are held for a number of 
half-waves from 6 to 18, and then broke 
at zero value without disturbance of the 
system. With the oil switches no traces 
of oscillation were noticed before the 
break, and no traces of rise of voltage. 
With the expulsion air switch, traces of 
oscillation were seen for a number of 
half-waves before the final break, and in 
consequence a slight voltage rise occurred. 

I will not attempt to describe the num- 
erous observations made at the Kalamazoo 
tests as these will undoubtedly be given 
to you by our president, who supervised 
these tests and to. whom I am indebted 
for the information which I have given 
regarding them. 

In addition, however, to the produc- 
tion and use of a swikh which will be 
as safe and reliable as engineering skill 
can make it, there are certain other 
factors which should be considered in 
connection with the control of current 
for high-potential stations which should 
be taken into consideration by the elec- 
trical engineer. It should be constant- 
ly kept in mind that no apparatus 
can be absolutely free from accident, no 
matter how carefully designs are con- 
structed. The engineer should, there- 
fore, carefully consider the possible effect 
of any accident, with particular reference 
to the possibility of an accident to one 
element involving other apparatus. The 
layout should be such that an accident to 
one element could not of itself, or in con- 
sequence of a chain of accidents, result 
in a breakdown of the entire generating 
station, even for a short time. 

The mechanical engineer has consid- 
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ered this point and met it with a fair de- 
gree of success in the large modern cen- 
tral station with the fireproof boiler house 
and the frequent subdivision of this 
boiler house into two or more portions by 
suitable fire walls, as in the case of those 
of more than one story. 

The general employment of a duplicate 
system of steam piping, or its equivalent, 
also provides a reasonable safeguard 
against failure of supply from accidental 
disarrangement of a steam system. The 
steam engines in well arranged stations, 
being important units, are placed a suffi- 
cient distance apart, and so disposed, gen- 
erally, that an accident to one will not 
easily involve other units. This is also 
true of the dynamos which are directly 
coupled to the engines. 

The switchboard with its switches for 
controlling and appliances for measuring 
the output of the generating station, the 
cables leading from the generator to the 
switchboard, the location of the bus-bars, 
and the disposition and arrangement of 
the feeder cables for distributing the cur- 
rent, have not as a rule been given that 
serious attention which their importance 
deserves. In fact, the consideration of 
the elettrical controlling devices and the 
wiring of the station has been apparently 
left to the last, and it is frequently the 
case that a generating station containing 
apparatus of great value has been jeopar- 
dized by the lack of careful design 
of the switching appliances. Stations 
designed to deliver a normal output of 
from 5,000 to 10,000 kilowatts, at rela- 
tively high pressures, say 5,000 volts or 
upwards, frequently contain switches for 
controlling the generators and the feed- 
ers mounted upon the face of a long con- 
tinuous panel, and so crowded together 
that in case of failure to open the cir- 
cuits the resulting arc would be almost 
certain to involve adjacent switches and 
even possibly cripple the station for a 
time. The bus-bars are also often so dis- 
posed that an arc may easily start thereat 
or at least so that an arc, if started for 
any cause, would be liable to seriously 
damage the switchboard. 

The same methods frequently obtain in 
regard to the manner of installing the 
conductors; high-tension and low-tension 
conductors being often mixed together and 
the conductors so arranged that in case 
of any injury to one, other of the con- 
ductors leading from the generators or 
from the switchboard out of the station 
are in danger of being involved. 

These methods have probably arisen 
from the fact that up to a comparatively 
recent period the service of a city for 
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lighting and for power has been separated 
among a number of different stations, each 
of a relatively limited amount of power. 
In case of the failure of any individual 
unit in such case, as of the generator, 
switchboard, or other apparatus, the dam- 





























Fig. 3.-—Form F K Oi Swircit. 


age was small, owing to the limited energy 
available. A shutdown, even of the whole 
station, was comparatively unimportant. 
However, the case is quite different with 
the large modern station with output of 
from 10,000 to 100,000 horse-power, 
which is designed to supply electrical 
energy for a large portion of a city’s needs, 
combining frequently electric power for 
traction purposes, for lighting, etc. The 
economies expected of such stations— 
lower cost of operation, smaller invest- 
ment, and greater economy in coal and 
in steam—due to the better load-curve 
obtained by the concentration of loads of 
large area and of various character in one 
station, as well as to the higher efficiency 
of the large units, are familiar to all elec- 
trical engineers. I am inclined to think, 
however, that the possible dangers of such 
a concentration of energy have not been 
fully realized. he failure of such a 
station, even for a brief period, would be 
a. disaster which, with proper design, 
need not occur. 

I will briefly outline the principles 
which I believe should govern in the lay- 
‘out of such a central station, the details 
of which may naturally be varied con- 
siderably to suit local conditions. It 
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should be kept in mind that I am discuss- 
ing stations of normally large output, say 
5,000 kilowatts and over, although many 
of the principles mentioned could prob- 
ably be applied with advantage to sta- 
tions of smaller size. 


Broadly speaking, 





Fic. 4.—ExPULSION 
TYPE Switcn. 


{ would carry the principle of subdivision 
into units as far as practicable; the units 
to be chosen with respect to the size of 
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the station, character of load-curve, etc. 
The boiler-house, as already stated, should 
be subdivided into two or more distinct 
portions so that injury to one will not 
involve the entire steam system. For- 
tunately, the foundations, masonry and 
mounting of boilers are so essential and 
of such a nature that damage to one unit 
is not liable to involve another. At the 


‘same time, it is important that the boiler 


house should be divided into two or three 
sections, separated from each other by 
brick partitions. The steam piping 
should be in duplicate or a substan- 
tial equivalent, and so arranged that 
the bursting of a steam main can not 
flood all the boiler rooms with steam 
or stop the entire flow of steam to the en- 
gine room. The engines, with the dyna- 
mos coupled thereto, may be placed in 
one large room, provided this room is of 
sufficient size to enable the units to be 
placed at proper distances apart. The 
switchboard should preferably be placed 
in a separate room, so that any accident 
to the engine or to the steam piping will 
not injure the switchboard operator or 
the switchboard mechanism. The elec- 
trical conductors from each dynamo 
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should be led to the switchboard as far 
apart as possible from those of other units. 


' Each.'set of conductors should be ‘led to 
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its own switch. Hach switch should be 
of ample capacity to interrupt the entire 
output of the generator at full voltage 
and even take care of the concentration 
of the entire load of the station, as in a 
short circuit. This switch should be 
placed in a cell of fireproof material and 
preferably electrically controlled from a 
central point. If so disposed, these 
switches may be placed reasonably close 
together, but the partitions should be such 
that any one of the switches could arc 
to destruction without involving the 
switch of a neighboring generator. 
Switches should be in duplicate, so that 
in case of failure of one, another switch 
will be in readiness. Especial care should 
be taken, in leading the conductors from 
the switches to the bus-bar, to keep the 
conductors as far as possible from those 
of neighboring units. 

The bus-bar or bars should preferably be 
in duplicate, or some equivalent arrange- 
ment such as sectional subdivision should 
be adopted. Bus-bars should be carefully 
protected in fireproof compartments so 
arranged that it would be impossible for 
any are to short circuit from one con- 
ductor to another or for it to be injured 
by an arc caused by the destruction of any 
of the generator or feeder switches. The 
same care should be taken to isolate the 
conductors leading from the bus-bars to 
the feeder switches. The feeder switches 
should also be in duplicate; that is, two 
separate sets of switches on each feeder 
in series with each other when feasible, 
or the conductors leading to a group of 
feeders may be joined together by a 
switch placed in series therewith control- 
ling a group of feeders. Each group 
switch and each of the feeder switches 
should be mounted in its own separate 
fireproof compartment and preferably 
controlled electro-magnetically from a 
distance. The conductors leading from 
the feeders out of the station should not 
be massed together in one conducting 
trench or well, but should be subdivided 


into as many groups as circumstances will 
permit. 

The constant aim throughout the entire 
station should be to limit the normal flow 
of energy in a given space to a predeter- 
mined amount, preferably, for example, 
to that of the generator unit which has 
been selected, or, in the case of the feeders 
leading outside the station, the normal 
flow of a group may be limited to that de- 
livered to any one substation. 

It is obvious that the arrangement of 
switchboard, as described, will occupy 
more space than the ordinary panel type. 
The total space occupied, however, is but 
a small portion of the total space required 
for the generating plant, and it is believed 
that the precautions recommended are es- 
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sential to the continued success and re- 
liability of large generating plants. Such 
separation of the switches, etc., makes 
some method of control from a distance 
very desirable. The motors used for oper- 
ating the switches may be either pneu- 
matic or electric. The control of these 
motors should preferably be electric in all 
cases. By adopting electric control from 
a distance, it is possible to combine all the 
switches required for the generator, feed- 
ers, etc., upon a small keyboard under the 
observation and control of a single opera- 
tor. It is also possible to place this opera- 
tor in such a position that he will have a 
comprehensive survey of all the measuring 
and controlling devices needed for the sta- 
tion, and at the same time be free from 
danger in case any of the apparatus 
should fail to perform its work. Under 
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An Electric Reduction Plant in West 
Virginia. 

At the falls of the Great Kanawha, 
some 36 miles above Charleston, W. Va., 
is a great industrial enterprise that has 
in it far more of interest than attaches 
to the manufacturing of any ordinary 
article of commerce. It is the Wilson 
Aluminum Works, which are not, as 
would be inferred from the name, en- 
gaged in the manufacture of any article 
from the lightest of metals. These 
works are employed in the reduction of 
chrome ore and the manufacture of ferro- 
chromium, which is utilized in the hard- 
ening of the steel of which armor plates 
for war vessels are made. 





THREE 600-K.-W. THREE-PHasE GENERATORS, WILSON ALUMINUM COMPANY, 


KANAWHA FALLS, 


such circumstances the operator is much 
less liable to make a mistake, and it is 
believed that, having taken such precau- 
tions, accidents even of a trivial character 
will be more unlikely to occur. In laying 
out the electrical devices for such a sta- 
tion the utmost simplicity should be aimed 
at; not a single instrument, conductor or 
switch being placed in the station has not 
been carefully considered and felt to be es- 
sential. It is better to err on the side of 
simplicity than of complexity. 
> 
Electric Fire Extinguishers in Rouen. 
United States Consul Haynes, at 
Rouen, France, reports that the head of 
the fire department of Rouen has sug- 
gested to the mayor a novel project in 
the fire-extinguishing service. Inasmuch 
as the city is traversed everywhere by 
electric street-car wires, it is suggested 
that there should be provided pumps, 
driven by dynamos, to take currents by 
means of a trolley hooked to the street- 
car wires at the nearest point to the fire. 








W. Va. 

When the Wilson company entered the 
ferro-chromium business they came to 
deal with the ore so refractory that only 
electric heat was practicable for its re- 
duction. It became necessary, therefore, 
to obtain a site for their plant where a 
great electric current could be secured at 
a minimum of cost. For this reason the 
location at Kanawha Falls was chosen. 
Here New River, which is joined by the 
Gauley, about’ two miles above, rushes 
over a precipice some 26 feet high, and 
is thereafter known as the Great Kana- 
wha. The fall makes one of the finest 
water powers in all the country, the fig- 
ures of engineers showing that at the 
lowest stage 8,000 horse-power of elec- 
tricity is capable of development. Across 
the river, on the top of the solid rock 
forming the falls, the Wilson company 
has built a dam to confine the water to 
a desired channel, and on the north side 
an electric plant of 3,000 horse-power 
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of Bullock alternating-current generators 
of the revolving field» type has been in- 
stalled and is now at work. The re- 
mainder of the power will be developed 
by machinery soon to be put in on the 
south side of the river. 

In the extreme heat possible to be 
-kindled by this 3,000 horse-power of elec- 
tric current the chrome ore is reduced to 
ferro-chromium, or as it is usually called 
ferro-chrome. 

The ore gathered here to be reduced 
to pure metal is not picked up on the 
wooded mountain sides within easy reach 
of the company’s works. Chrome ore 





Fig. 1.—Two-Wire Matin, Stx-Crrcuit 
PANEL BOARD. 


is found in a number of places on the 
globe, but there are many qualities of it, 
and this company requires what is best 
suited to the special purpose for which 
it is intended—that is, which contains 
the highest ratio of chrome and the 
smallest proportion of iron. The ore 
used here is from Australia and Asia 
Minor, the most of it being from the 
latter country. There it is taken from 
the mines and carried many miles on 
the backs of camels to a port on the Black 
Sea, where it is put on shipboard and 
sent to this country, coming from the sea- 
side to Kanawha Falls by rail. The 
metal produced from this ore is 70 per 
cent chromium. 

The entire output of the plant is con- 
tracted to the Carnegie Steel Company 
and the Bethlehem Steel Company to be 
used as alloy in hardening the steel for 
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the armor plates which those companies 
are making for the United States Navy. 
To supply this.demand, the works will 
be run to their full capacity during the 
life of the Carnegie and Bethlehem con- 
tracts with the government. 
Ferro-chrome 1s also used in making 
the projectiles used in modern warfare, 
thus appearing on both the offensive and 
defensive sides of the conflict. It is so 
hard that it will cut glass like a diamond. 
——__-- 
Edison Electric Company in Paris. 
The Edison Electric Company, one of 
the most important electric companies 
of Paris, has just published its report 
for 1900. The results shown are most 
satisfactory, and are attributable partly 
to the exposition, which caused a marked 
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Panel Boards. 


The present forms of centres of dis- 
tribution, or panel boards, as they are 
familiarly known, leaves much to be de- 
sired in the way of perfect appliances, al- 
though the stringent underwriters’ re- 
quirements and the increasing supervision 
of electrical installations, as well as the 
desire of electrical contractors for im- 
proved appliances have had the effect of 
raising the standard of design and work- 
manship. The new removable enclosed 
fuse carrier panel board manufactured by 
the General Incandescent Are Light Com- 
pany, of New York, is a distinct departure 
from previous types and represents the 
latest developments in this class of work 
embodying the inventions and designs of 


experts. A number of buildings have al- 
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increase in the consumption of current. 
Unfortunately, this company, like all the 
other electric sectors of Paris, has but 
a short concession, which terminates in 
1907, and a large margin of the profits 
have to be written off for redeeming the 
plant. On March 31, 1900, the company 
was supplying current for 207,182 lamps 
of 10 candle-power each, owned by 3,092 
subscribers; while on March 31, 1901, 
the figures were respectively 253,989 
lamps and 3,488 subscribers. The elec- 
tric energy sold in 1899 aggregated 1,533 
horse-power and 1,709 horse-power in 
1900. In December, 1900, the works had 
an efficiency of 5,100 kilowatts; since 
then two new sets of 1,000 kilowatts have 


been ordered. The gross receipts reached. 


4,861,000 francs ($972,200) in 1899, 
and 5,629,000 francs ($1,125,800) in 
1900. 


ready been equipped with this new panel, 
which has received the endorsement of 
many prominent consulting electrical en- 
gineers and recommended itself to the 
wiring contractors who have installed it. 

The circuits are controlled by a carrier, 
which embodies all the functions of a 
knife switch, a removable fuse holder and 
an enclosed fuse. To use the carrier as 
a switch it is pulled out by means of the 
ring handle at the top when it opens the 
circuit. To close the circuit the carrier 
is pushed in again. 

The hands of the operator can not 
touch any live part when the carrier is 
operated as.a switch, thus rendering it 
entirely safe. To renew a fuse the car- 
rier is removed by simply taking out a 
screw, making a removable fuse holder 
which can be refused in the most con- 
venient position; namely, away from the 
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panel. Thus the risk of short-circuits or 
any other trouble by having a screw-driver 
near the metal parts or having the oper- 
ator handle any of the live metal parts is 
entirely eliminated. The carrier, when 
used as a switch for opening or closing 
branch circuits, is, by reason of its mechan- 
ical construction, a quick-break switch on 
both the making and breaking of the cir- 
cuit as well as double break. 

The mechanical construction embodies 
simplicity of design and an arrangement 
of parts which results in an unusually 
neat appearance. All the parts are readily 
accessible, yet free from exposure to in- 
jury. For such a large number of circuits 
the panel occupies an extremely small 
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can also be used as a two-pole, single- 
throw, quick-break, double-break fuse 
switch of 10-ampere capacity in place of 
an ordinary knife or snap switch. 

A complete five-circuit panel has been 
made by mounting five panel board single 
units in a row and connecting same by 
means of two connection strips of flat cop- 
per as illustrated in Fig. 3. It makes a 
five-circuit, two-wire main and two-wire 
branch circuit panel. 

Flat copper connection strips of proper 
size and carrying capacities, with termi- 
nals attached for soldering any wire, are 
shown in Fig. 4. 
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Tunnel Changes. 

A plan designed to do away with the 
smoke and gas in the Park avenue tunnel 
has been prepared by the operating officers 
of the New York Central & Hudson River 
Railroad and laid before President New- 
man, by whom it will be submitted to the 
executive committee. 

As the tunnel is operated at present, 
two tracks extend through the central sec- 
tion, which is ventilated by frequent large 
openings into Park avenue. On each side 
of this section is a track tunnel accom- 
modating a single track. These side tun- 
nels are ventilated by side openings into 
the central section. The purpose of the 
plan is to devote these side tunnels en- 
tirely to suburban traffic, which is to be 
operated entirely by electric motive power. 
From a convenient point above the Grand 
Central Station the grade of the side tun- 
nels will be radically lowered so as to form 
an underground loop, passing into and 
across the station below the main tracks, 
The framers of this plan believe that such 
an arrangement for handling the enor- 
mous suburban traffic will simplify the 
handling of the through trains, which 
they maintain must be drawn by steam lo- 
comotives. 

A more complete system of ventilation 
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Fic. 3.—ComMPLetTeE Five-Crrcuit PANEL. 


space and, as will be seen in Fig. 1, each 
fuse carrier is designed to receive a di- 
rectory card or which can be written, un- 
der appropriately printed headings, the 
number of outlets, lights, location and 
size of wire, amperes and volts. 

The carriers are designed for a mini- 
mum capacity of 10 amperes and 125 
volts and the main feed bus-bars are fig- 
ured to carry six amperes per circuit. 
The panel can be supplied with a main 
switch or a main branch switch of any 
capacity constructed on the same general 
design as the branch circuit carriers. 
This panel has been thoroughly tested by 
the National Bureau of Underwriters and 
has their official approval. 

In Fig. 2 an illustration of a special 
form of inside terminal made for readily 
attaching the flat copper strips or wire 
forming the feeding bus-bars of the panel 
is shown, The unit type of new com- 
pound switch and enclosed fuse carrier 
is made to enable contractors to build up 
first-class panels of any number of cir- 
cuits on short notice. This unit circuit 
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names and amounts in the certificate of 
association are as follows: 

John J. Mitchell, Chicago, $100,000; 
Maryland Trust Company, Baltimore, 
$400,000; Geo. R. Webb and H. A. Parr, 
Baltimore, $50,000; P. A. Calhoun, New 
York, $250,000; Brown Brothers & Com- 
pany, New York, $250,000; Alex. Brown 
& Sons, Baltimore, $100,000; Henry H. 
Rogers, New York, $250,000; John B. 
Parsons, Philadelphia, $25,000 ; J. Wilcox 
Brown, agent, Baltimore, $250,000; Gov- 
ett, Sons & Company, London, $315,000 ; 
James Phillips, Jr., Boston, $50,000; T. 
Jefferson Coolidge, Boston, $225,000; 
Frederick Ayer, Boston, $250,000 ; Charles 
F. Ayer, Boston, $40,000; Lee, Higginson 
& Company, Boston, $100,000; F, H. 
Prince, Boston, $50,000; Charles G. 
Weld, Boston, $100,000; Charles F. 
Adams, Boston, $10,000; Alex Cormon, 
Boston, $25,000; Arthur T. Lyman, Bos- 
ton, $10,000; George P. Gardner, Boston, 
$10,000 ; Ginn, Booz & Company, New 
York, $100, 000; Pemberton & McAdoo, 
New York, $100, 000; J. G. White & Com- 
pany, New York, $200,000 ; F. H. Marck- 
wald, New York, $50,000. 


Fig. 4.—FLAT CoprpeR CONNECTION STRIPS. 


is to be applied to the central division of 
the tunnel, and some of the New York 
Central operating officers believe that the 
through trains will not be close enough 
together to cause an accumulation of 
smoke and gases in the tunnel. It is 
estimated that the cost of the proposed 
changes will be between $6,000,000 and 
$7,000,000. 


Electrical Work in Norway. 


The waterfalls on the Glowen, at Askin, 
Norway, are to be utilized for electric 
power. The power plant has been under 
construction 18 months, and is’ expected 
to be completed next year. The plant is 





designed for about 45,000 horse-power. 
At present three Francis turbines coupled 
to three-phase 2,000-kilowatt 8,000-volt 
dynamos are being installed: The pressure 
will be raised to 20,000 volts for trans- 
mission to Christiania. The work is being 
carried out by the Schuckert Company. 




















September 7, 1901 


Meeting of International Association 
of Municipal Electricians at 
Niagara Falls, N. Y. 


MONDAY, SEPTEMBER 2. 


The meeting was called to order by 
President Morris W. Mead, in the Inter- 
national Hotel, at 2 p. M., September 2. 
Rev. Mr. Bacon, of Niagara Falls, offered 
prayer. Mayor Butler, of Niagara Falls, 
was introduced and extended a very cor- 
dial welcome to the delegates to the city 
and the beauties of Niagara. In his ad- 
dress he pointed out the wonderful power 
facilities and manufacturing establish- 
ments in the city and invited all to visit 
them. 

Captain William Brophy, of Boston, 


Mass., was then introduced. He has long © 


been identified with electrical interests in 
the United States. He related in a very 
attractive manner the changes which had 
taken place within his lifetime in the de- 
velopment of the city and power facilities 
of Niagara Falls. He pointed out how fit- 
ting it was that the convention should be 
held here where such wonderful electrical 
developments had taken place. 

President Mead introduced Mr. Dono- 
hue, chairman of the executive committee, 
who briefly welcomed all to -™ privileges 
of Niagara Falls. 

The address of the president was then 
delivered. He said the key-note of the 
association was its desire to accom- 
plish electrical progress. All are legatees 
in what has already been done in electrical 
science, which should inspire every one to 
handle it rightly and continue the prog- 
ress which has been made. In the next 50 
years more progress should be made than 
in the past fifty. In order to insure a suc- 
cessful convention, all should be prompt 
in attendance and not let anything keep 
them away. In this way great benefit can 
be derived by all by the mutual inter- 
change of ideas. In order that progress 
may be made no one must be content 
with the present conditions of affairs and 
in this way there is no danger that the 
knowledge of electrical science will not 
make great progress. 

Mr. Mason then presented “Mrs. Mead 
with a diamond ring and a silver spoon 
for Master Morris W. Mead, Jr. Presi- 
dent and Mrs. Mead were so overcome 
with surprise that they were unable to re- 
spond. Morris Mead, Jr., was then made 
an honorary member of the association, 
with three rousing cheers. At the close of 
this demonstration, President Mead arose 
and thanked the members very briefly. 

A letter from Mr. H. W. Pope, general 
manager of the Bell Telephone Company, 
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of Buffalo, extending the use of the com- 
pany’s lines before 9 a. M. and after 4 
Pp. M. was read. The Postal Telegraph 
Company, of Niagara Falls, also extended 
the use of its lines to the delegates for 
personal telegrams. 

Mr. William M. Petty, superintendent 
of fire-alarm and telephone systems of 
Rutherford, N. J., then read his paper on 
“The Protection of Fire and Police Tele- 
graph Systems from High-Tension Cur- 
rents and Lightning.” Mr. Petty said 
that very few circuits were damaged by 
actual lightning, a static charge on the 
wire being unbalanced by atmospheric dis- 
charge was what set up waves which did 
the damage. Lightning arresters or di- 
verters should be made to prevent this. 
The carbon dust thrown off:from lightning 
arresters frequently causes trouble and 
should be remedied. He then described 
his own experience with lightning arrest- 
ers and suggested several changes in ordi- 
nary lightning arresters which he had 
found beneficial in his experience. En- 
closed fuses should be enclosed in fire- 
proof material. In this way many fires 
can be prevented. He believes in using 
larger fuses than those generally em- 
ployed. The sneak currents are what real- 
ly cause the most trouble and these are 
what should be especially guarded against. 
There are no perfect devices on the 
market and every one should be on the 
lookout for improved apparatus. 

A very animated discussion of the paper 
read then took place. Mr. Petty advocated 
the abandoning of lightning arresters. 


Mr. Ellett said that he did not believe: 


the ground connection was of any use ex- 
cept for testing purposes. 

The view was then expressed that light- 
ning arresters should be placed on the line 
and not in the box. Mr. W. A. Barnes 
advocated the use of arresters only in the 
central station on the main line, and that 
no ground connection should be employed. 
Captain Brophy said that lightning ar- 
resters should be placed in the central sta- 
tion and frequent ground connections 
maintained. 


TUESDAY, SEPTEMBER 3. 

The meeting was called to order 
promptly at 10 o’clock with President 
Morris W. Mead in the chair. 

Mr. H. W. Pope, general manager of 
the Buffalo Telephone Company, made a 
fine address on the subject of “Telephones 


as Applied to Municipal Affairs.” Mr. 
Pope has made an excellent record in 
Buffalo as a telephone manager and his 
remarks were greeted with much applause. 
A spirited and lengthy discussion followed 
his speech, and at its conclusion Mr. Pope 
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was unanimously elected an honorary 
member of the association. 

Mr. E. F. Schurig, of Omaha, then pre- 
sented his paper, entitled “Municipal 
Control vs. Municipal Ownership.” This 
paper was followed by a short discussion, 
after which the discussion of Mr. W. M. 
Petty’s paper was concluded. The mem- 
bers and guests then adjourned to the 
verandas at the rear of the hotel, where 
a photograph of the party was made. 

On Thursday President McKinley is ex- 
pected to be at the International Hotel, 
and will hold a reception for the benefit 
of the municipal electricians. 

Friday is to be known as Municipal 
Electricians’ day at the Pan-American 
Exposition, and nearly all those in at- 
tendance will remain over to attend. 

The following members have regis- 
tered at the meeting: J. W. Aydon, Wil- 
mington, Del.; W. A. Barnes, Bridgeport, 
Ct.; Adam Bosch, Newark, N. J.; Wil- 
liam Brophy, Boston, Mass. s G. F. Breit- 
enstein, Utica, N. Y.; F. G, Boyd, Balti- 
more, Md.; William Crane, Erie, Pa.; M. 
G. Canfield, Grand Rapids, Mich.; Thos. 
Coyne, Washington, Pa.; Chas. Downs, 
Altoona, Pa.; M. J. Donohue, Niagara 
Falls, N. Y.; Wm. G. Ellett, Elmira, 
N. Y.; W.S. Logue, Orange, N. J: ; Frank 
¥. Foster, Corning, N. Y.; A. C. Far- 
rand, Atlantic City, N. J.; W. J. Gardi- 
ner, Detroit, Mich.; Chas. Greenwald, 
New Brunswick, N. J is We @. Huffman, 
Reading, Pa.; Alex. Henderson, New 
York; F. C. Mason, Brooklyn, N. Y.; G. 
F. MacDonald, Ottawa, Ont.; Geo. T. 
Manson, New York; F. E. Pierson, Mor- 
ristown, N. J.; W. M. Petty, Rutherford, 
N. J.; Edw. F. Schurig, Omaha, Neb.; 
A. P. Eckert, New York; W. H. Thomp- 
son, Richmond, Va.; L. M. Tillottson, 
Yonkers, N. Y.; J. F. Zeluff, Paterson, 
N. J.; Henry Smith, Buffalo; J. F. 
Jaeckel, Pekin, Ill.; E. G. Loomis, Alle- 
gheny, Pa.; W. M. Habirshaw, New York; 
J. W. Cupps, Pittsburgh, Pa. 

Upon the Erie train selected by the 
executive committee for the delegates 
from New York were Messrs. E. T. White, 
Walter M. Petty, D. H. Darling, James F. 
Zeluff, F. S. Palmer, Adam Bosch, C. 
Henry Barney, Wilfred R. Drummond, 
G. T. Manson, E. S. Downs, F. W. Har- 
rington and W. Y. Ellett. 

The following members were proposed 
for active membership: Frank E. Pierson, 
Morristown, N. J.; Chas. H. Crampton, 
Bay City, Mich.; E. W. Dugdale, Kear- 
ney, N. J.; Thomas Coyne, Washington, 
Pa.; A. S. Hatch, Detroit, Mich.; John 
Bell, New Rochelle, N. Y.; J. W. Cupps, 
Pittsburgh, Pa.; Julius F. Jaeckel, Pekin, 
Ill.; Charles E. Bryce, Homestead, Pa. 

For associate members—Dr. W. M. 
Habirshaw, New York; H. B. Kirkland, 
Chelsea, Mass.; John A. Seeley, Troy, 
| im 2 

A large number of those present took 
the ride in the evening down the Gorge 
electric road to the whirlpool rapids and 
return. An electric searchlight was at- 


tached to the rear car which lighted up 
the entire river and gorge. The trip was 
greatly enjoyed by all. 
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New Transformers for the Castner 
Works at Niagara Falls. 

The Castner Electrolytic Alkali Com- 
pany, at Niagara Falls, has just installed 
twenty-two 100-kilowatt transformers, 
which were furnished by the Wagner Elec- 
tric Manufacturing Company. The two 
features of special interest about this in- 
stallation are the provisions for discharg- 
ing the air from the transformer air blast 
into the outside air through an exhaust 
duct, and the wide variation in voltage 
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converters and switchboards in the plant 
are Westinghouse make. 

The new. lot of twenty-two transform- 
ers have air blast for ventilation, and in 
their construction and installation the de- 
cided improvement is introduced of dis- 
charging the air into an exhaust duct after 
passing through the transformers. By 
doing this the exhaust air can be used to 
heat the room, as usual in such plants, 
in winter and in summer can be turned 
into the outside air instead of discharg- 
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that is obtainable from the secondary cir- 
cuits. The transformers are used to sup- 
ply a set of eleven 400-kilowatt Westing- 
house rotary converters. As these rotaries 
are used on electrolytic work and require 
a considerable variation in voltage the 
transformers had to be provided with 
regulating heads, or a number of primary 
terminals, for cutting in or out part of 
the primary winding so as to vary the 
secondary voltage. 

The primary voltage is constant at 2,200 
volts, and the secondary voltage must be 
varied by increasing or decreasing the 
number of turns on the primary to give 
a secondary voltage of from 148 to 181 
volts. To do this a regulator dial having 
14 steps is used. One revolution of the 
contact arm around the dial cuts out coils 
enough to increase the voltage only half 
of the maximum, 33 volts. When that 
has been done the voltage is still further 
increased by moving the regulator arm 
around to its original position with no 
coils cut out, and cutting out an equivalent 
number of turns on another part of the 
primary coil. The regulator arm then can 
be moved around to cut out the balance 
of the primary regulating coils and in- 
crease the secondary to its maximum of 
181 volts. The regulating dials, rotary 
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ing it into the room and raising the latter 
to a temperature uncomfortable to the 
workmen and detrimental to both trans- 
formers and rotaries, as a high-room tem- 
perature decreases the chance for radia- 
tion. Both supply and exhaust air ducts 
are run the length of the transformer 
room from a fan-blower near the centre. 
Each transformer is mounted on a sub- 
base, divided into two parts by a partition. 
The inlet main is piped to one chamber, 
the exhaust main to the other. The air 
passes up through one-half of the trans- 
former and down through the other half 
to the exhaust chamber. The inlet duct 
for the 11 transformers located on one 
side of a blower is 2914 by 20 inches. The 
wires are all taken out from below and no 
wires appear above the transformer. They 
pass out of the air ducts through bush- 
ings filed with pitch compound to prevent 
leakage of air. 

In this plant the rotaries are started 
from each other by belting one to another 
on tight and loose pulleys, one of the 
rotaries being first started by belt from a 
small induction motor. 

To give the armatures of the rotaries 
end play they have all been equipped with 
electromagnets acting on one end of the 
shaft. The circuit through all these is 
closed at intervals of three or four seconds 
by a make and break device consisting of a 
pair of carbon contacts, a solenoid and a 
dashpot. 
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Improved Telephone Apparatus. 

In equipping the telephone line for a 
system, two qualifications must be kept 
well in mind—efficiency and durability. 





Fie. 1.—SeL_F-CONTAINED TELEPHONE WALL 
SET. 

At the same time it must contain no com- 

plicated machinery rendering it liable to 

get out of order when service is most re- 





Fie, 2.— TELEPHONE Desk SET. 


quired. Its construction should be sim- 
ple, needing little or no attention after 
once adjusted. These features are 
possessed by the Imperial telephone, which 
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is manufactured by the Telephone Manu- 
facturing Company, of Sumter, S. C., 
and which is shown in Fig. 1. Whether 
wall, bracket or desk set, its appearance 
is sure to be in thorough harmony with the 
surrounding furniture and decorations. 
No telephone is sent from the factory 
without being thoroughly tested. Its 
clearness must be unquestioned and the 
lightest whisper heard distinctly under 
trying conditions. 

Instead of tinsel cord a specially pre- 
pared silk-covered double conductor is 
used. The strands are of 10 No. 34 copper 
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The desk set, which is illustrated in 
Fig. 2, is beautifully and substantially 
built of brass, nickel plated and highly 
polished. The contact springs are all 
mounted on solid hard rubber and are on 
the outside in plain view. The contacts 
are strong and positive and can not be- 
come disarranged. The induction coil is 
placed in the base of the stand and the 
connections are brought out through a 
silk-covered connecting cord. 

The combination telephone and switch- 
board has been designed and built to meet 
the demand for a reliable equipment for 





Fic. 3.—COMBINATION TELEPHONE 
AND SWITCHBOARD. 
wires, with deep ends terminating in bind- 
ing-posts fastened through the back board. 
By this combination all poor connections 
and leaks are avoided and a normal and 
fairly low resistance in the primary cir- 
cuit maintained. All outside wiring and 
the necessity of insulated and direct con- 
nections through binding-posts in the iron 
arm and base are thus done away with. 
A mica carbon disk lightning arrester 
is built in and is a part of the telephone. 
This arrester requires no attention what- 
ever and avoids the necessity and trouble 
of plugging the telephone during storms 
and re-fusing the fuse blocks. It takes the 
place of the old type of saw-tooth light- 
ning arrester and has stood the test of 
four seasons and proven to be most effec- 
tive and serviceable under extremely try- 
ing conditions. Its construction is very 
simple, requiring no attention after once 
adjusted, as the discharge of a lightning 
current does not disarrange or fuse any 
of its parts. 


Fic. 4.—TELEPHONE SET, OPEN. 


small exchanges and factories. It is also 
especially adapted for use on long toll 
lines at such points where it is desirable 
to place several telephones and yet not 
have these several telephones interfere 
with the service of the through lines. The 
line from the local telephones terminates 
in this switchboard, therefore these local 
lines can at any time converse among 
themselves and whenever wished caif be 
given connection over the long toll line. 
These combination sets are built for either 
five, ten or fifteen lines and are furnished 
with their full complement of drops, plugs 
and cords and clearing-out drops. This 
combination telephone and switchboard is 
depicted in Fig. 3. 

In Fig. 4 is shown a new style instru- 
ment—open—recently put on the market 
by the Sumter company. This is espe- 
cially adapted for use in exchanges or on 
long-distance lines, where a small and 
compact instrument is desired. It is 
equipped with all the latest improvements 
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of the manufacturing company and is 
furnished for either series or bridging 
work. 


Fig. 5.—TELEPHONE SWITCHBOARD. 


The switchboard which is shown in Fig. 
5 is equipped with a self-restoring drop 
and jack combined. The manufacturers 
believe it is electrically and mechanically 
correct in every detail, and for durability, 
rapidity of operation, simplicity of con- 
struction and economy of maintenance 
claim that it is unexcelled. The cabinet 
is made of quartered oak or of walnut, 
beautifully finished and highly polished. 
Each 100-line board is equipped with one 
complete operator’s set, 10 pairs of cords 
and plugs, 10 clearing-out drops and 
listening cams, and one hand generator 
which is equipped with automatic shunt- 
ing device arranged to be used in con- 
nection with a power generator, the hand 
generator being cut out automatically ex- 
cept when the crank is being turned. The 
transmitter is easily adjusted to suit the 
convenience of the operator. The drops 
and jacks are self-contained, and the solid 
blocks of hard rubber in which the jack 
is built and upon which the drop is mount- 
ed afford perfect insulation, which is al- 
ways one of the essential features of the 
switchboard. Any single drop and jack 
may be easily removed without disturbing 
any other connection. 
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ASSOCIATION OF EDISON ILLUMINAT- 
ING COMPANIES. 


ANNUAL CONVENTION AT BUFFALO 
NEXT WEEK. 


The seventeenth annual meeting—the 
twenty-second convention—of the Associa- 
tion of Edison Illuminating Companies 
will be held at the New York State Build- 
ing, on the Pan-American Exposition 
grounds, Buffalo, next Tuesday, Wednes- 
day and Thursday, September 10, 11 and 
12. The official headquarters of the asso- 
ciation will be at the Niagara Hotel, 
Buffalo. 

A number of valuable reports will be 
presented from standing committees on 
meters, incandescent lamps and automo- 
biles. 

Among the papers to be read are the 
following : 

“Modern Electric Light Accounting,” 
by A. 8. Knight, Edison Electric Illumi- 
nating Company, Boston. 

“Competition with Isolated Plants,” 
by John F. Gilchrist, Chicago Edison 
Company, Chicago. 

“On the Selection of a Cable for a Given 
Service,” by Wallace Clark, Schenectady. 

“The Evolution of Exposition Light- 
ing,” by Luther Stieringer, New York. 

“Some Notes on a Short European 
Visit,” by Arthur Williams, New York 
Edison Company, New York. 

“Timely Lamp Topics,” by F. W. Will- 
cox,” Harrison, N. J. 

“Spherical Candle-Power of Incandes- 
cent Lamps,” by Clayton H. Sharp, test 
officer Lamp Testing Bureau. 

“Progress in Electric Switch Design,” 
by Caryl D. Haskins, Schenectady. A 
paper is also expected from Mr. Charles 
P. Steinmetz, Schenectady, N. Y. 

The meeting will be largely attended 
by the representatives of the important in- 
terests which constitute the association. 
The local member, the Buffalo General 
Electric Company, is the host on this 
occasion. 

The officers of the association are the 
following-named gentlemen: 

President, John W. Lieb, Jr., New 
York, N. Y. 

Vice-president, A. W. Field, Columbus, 
Ohio. 

Treasurer, W. S. Barstow, Brooklyn, 
| ie & 

Secretary, Wilson S. Howell, Newark, 
N. J. 

Executive committee—John W. Lieb, 
Jr., chairman, the Edison Electric Illumi- 
nating Company of New York; Alex Dow, 
Detroit, Mich. ; Charles L. Edgar, Boston, 
Mass. ; W. C. L. Eglin, Philadelphia, Pa. ; 
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Samuel Insull, Chicago, Ill.; T. E. Mur- 

ray, New York, N. Y.; A. W. Field 

(ex-officio), Columbus, Ohio; W. S. Bar- 

stow (ex-officio), Brooklyn, N. Y.; Wil- 

son S. Howell (ex-officio), Newark, N. J. 
ccna 

American Street Railway Association. 

The twentieth annual meeting of the 
American Street Railway Association is 
to be held at Madison Square Garden, 
New York city, Wednesday, Thursday and 
Friday, October 9, 10 and 11, 1901. 

A large number of very interesting 
papers will be read and discussed, and 
the attendance promises to be the largest 
in the history of the association. The 
electric railway interests of the country 
will undoubtedly be comprehensively rep- 
resented and very properly so. 

The president, Mr. Walton H. Holmes, 
of Kansas City; the vice-president, Mr. 
Herbert H. Vreeland, of New York city, 
and the secretary and treasurer, Mr. T. C. 
Penington, of Chicago, with the other of- 
ficers of the association, have been un- 
sparing in their efforts to make this oc- 
casion the banner event in the history of 
the organization, and the ELECTRICAL 
ReEviEw believes that their efforts will 
be entirely successful. 
<--> — 

Meeting of the Ottawa Electric 

Company. 

The Ottawa Electric Company has held 
its annual meeting at which satisfactory 
reports were presented. The directors 
report showed that the gross receipts of 
the past year had been $196,363.22, which 
is an increase of $19,680.93 over the 
previous year. The gross expenditure 
was also greater, being $36,558.91 in ex- 
cess of the amount expended last year. 
This excess was due to the heavy losses 
sustained in the big fire in which four 
of the company’s power-houses were 
burned, necessitating the operation of a 
steam plant to the fullest extent. 

Exposition at Cork. 

United States Consul Swiney, of Cork, 
reports that an exposition of the products 
and industries of Ireland will be held in 
that city in 1902. The site selected is on 
the banks of the River Lee. The people 
of Dublin, Belfast and other cities of Ire- 
land have promised their support and have 
already liberally contributed toward the 
erection of the buildings and the prepara- 
tion of the grounds. The railroads have 
also subscribed, and, in addition, will 
make low rates to visitors. The consul 
adds that a number of the exhibitors at 
the Glasgow exposition will bring their 
exhibits tu Cork. 
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Electric Traction in India. 


A scheme is on foot for introducing 
electric traction in the Baroda state, in 
India. It is proposed to construct a tram- 
way from Chilal to Amreli and Challala 
and to work the same by electrical power 
to be generated by harnessing the Khovia 
and Matta falls of the Shetranji River. The 
project is at present under consideration 
by Mr. Graham R. Lynn, M. I. C. E,, 
chief engineer to the Durbar, who, it is 
said, was much struck with the possibilities 
of electric locomotion during his recent 
visit to England and the Continent. A 
draft order has been issued authorizing 
the construction of tramways in the town 
of Mandalay also. The order has been 
obtained by the Burma Electric Works 
Syndicate, which is empowered to carry 
out the scheme. : 

ven aguas: 
Overhead Trolleys Used in Place of 
Traveling Cranes. 


At the works of the Eastern Ship Build- 
ing Company, in New London, Ct., an elab- 
orate system of overhead trolleys has just 
been erected. There are three lofty spars 
about 150 feet high, each of which sup- 
ports a cross yard about 200 feet long and 
six feet deep. Upon each yard railways 
are placed which give athwartship motion 
to a number of rope cables, upon which 
carriages are operated in a fore and aft 
direction. The complete structure, weigh- 
ing some 200 tons, is held in position by 
a network of heavy wire rope guys. Hight 


large members can be handled at any one 
time instead of the usual one and limit 
of two. 


~ 7-_>- 


American Engines in Glasgow. 


United States Consul Taylor re- 
ports that the assertions made regarding 
the American engines used by the Glas- 
gow tramways were never warranted by 
complaints emanating from those who 
had the supervision of the tramways. 
It was asserted that the engines, at the 
opening of the exposition, were incapa- 
ble of running, and that later, when tried 
with a light load, they broke down 
through the bearings becoming over- 
heated and were generally unsatisfactory. 

Mr. H. F. Parshall, the consulting 
engineer, reports to the tramways com- 
mittee of the town council as follows: 
The little trouble at first experienced 
from warm pins with the American 
engines has entirely disappeared. No. 1 
engine has now been carrying the carload 
for 11 days and No. 2 for 16 days. The 
average load on an engine for 250 cars 
amounts to some 1,400 kilowatts. The 
average output from the station amounts 
to 0.93 board of trade units per car mile, 
which figure will indicate to you that the 
system generally is working efficiently 
and well. 
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Franchise assessments made by the city 
of Trenton, N. J., show an increase of over 
$600,000, one-half of which is against the 
trolley company. 


The Rockford, Beloit & Janesville Inter- 
urban Electric Railroad Company, of Janes- 
ville, Wis., has given a mortgage of $1,000,- 
000 to the Illinois Trust and Savings Com- 
pany to secure the issue of bonds for the 
construction of the line. The mortgage is 
for 20 years, with interest at five per cent. 


The Cincinnati Gas and Electric Company, 
of Cincinnati, Ohio, has received the con- 
tract for lighting the streets of Cincinnati 
with electricity for ten years. The present 
rate is $84.90 a lamp per year. The total 
amount involved in the new contract for 
the ten years is estimated at about $4,000,000. 


The Interurban Electric Railway Com- 
pany, extending from Two Rivers, Wis., to 
Manitowoc, is now nearing completion. It 
promises to be the beginning of an extensive 
railway system into the country north of 
Two Rivers. The section which is to be 
penetrated has no railroad facilities and is 
rich in dairy and agricultural products. 


The recent rains in York County, Pa., have 
caused a large amount of damage at York 
Haven, on the Susquehanna River, where the 
work of installing the power plants is now 
well under way. The large coffer-dam which 
was being constructed in the river near the 
mill has been practically ruined, and it is 
estimated that it will take $18,000 in cash 
to replace the work that has been destroyed. 


A franchise has been granted to the Mil- 
waukee, Burlington & Lake Geneva Railroad 
by the common council of Milwaukee, Wis., 
to build an elevated railroad through the 
city. The road will be operated by elec- 
tricity and permits the running of freight 
trains through the streets. The franchise 
is perpetual. Mr. Clarence Darrow, of Chi- 
cago, is one of those interested in the new 
road. 


The Seaton Mining Company, of Idaho 
Springs, Cal., has received additional ma- 
chinery and expects to be able to furnish the 
mines and mills of that locality with elec- 
tric power very shortly. A new line is being 
installed to the Gem Extension Mine, and 
electricity will replace the present steam 
power at that place. Other mines in the 
same locality are also planning to use this 
power in mining. 


Work has been begun on the Springfield & 
Xenia branch of the Pennsylvania Railroad, 
of Springfield, Ohio, in equipping the same 
with electricity as a motive power. It is 
understood that the equipment for the pres- 
ent will apply only to the overhead work 
and the bonding of the rails, the power be- 
ing secured temporarily from one of the 
power-houses of the interurban roads now 
running into Xenia. 


A novel telephone system has been intro- 
duced by the New York & New Jersey Tele- 
phone Company upon the piers of the Ham- 
burg-American and the North German 
Lloyd steamship companies, at Hoboken, 
N. J. The telephone apparatus is placed on 
the steamers of the company and a station 
erected on the piers. The connection is made 
by cable. By this means telephone com- 
munication can be established with incom- 
ing steamers before the landing is made. In 





the case of outgoing steamers passengers 
can have telephone communication with 
their friends until the vessel leaves the 
pier. 


The Chateaugay Ore and Iron Company, 
of Pennsylvania, is investigating the avail- 
able water powers along the Saranac River, 
with the view of establishing a water 
power electrical plant to run their separ- 
ator and mining machinery at Lion Moun- 
tain. Civil Engineer Philip Mullin, of the 
Chateaugay railroad, and Electrical Engi- 
neer Viele, of the General Electric Company, 
of Schenectady, N. Y., have found two 
water powers on the Saranac, between Clay- 
burgh and Redford, one owned by the Cha- 
teaugay company and the other by ex-Con- 
gressman John M. Weaver, of Plattsburg, 
either of which is sufficiently large for their 
needs. 


The Johnson traction system has con- 
nected the rails running over the Calhout 
street bridge, in Trenton, N. J., with the 
road that is to run from Morrisville to 
Yardsley, and then across Pennsylvania. 
This is an important movement in connecting 
Trenton with the Lehigh Valley traction 
system, and the Union Traction, of Phila- 
delphia. It opens up Trenton’s communica- 
tion with 200 towns and villages in eastern 
Pennsylvania extending from Philadelphia 
to the Delaware Water Gap on the north 
and to Mauch Chunk on the west. There 
are now but two small breaks in the pro- 
posed line between Philadelphia and the 
Lehigh Valley system. 


Contracts which amount to nearly $100,- 
000 have been awarded by the Kilbourne- 
Jacobs Company, Columbus, Ohio, for the in- 
stallation of modern mechanical and elec- 
trical machinery. It is intended to build a 
power and engine house of brick and steel 
and slate in which will be located the latest 
engines and dynamos to generate power for 
the several departments. This will be 
the first installation of alternating-cur- 
rent electrical apparatus for power pur- 
poses in Columbus. The current will 
also be used for lighting, and, in addition 
to furnishing power, to drive individual 
motors. A new design of electric welding 
apparatus will be installed which can only 
be operated by alternating currents. 


( ELECTRIC LIGHTING | 


Good progress is being made in the build- 
ing of the new electric light plant at York 
City, Pa., on the N. C. R. R. 


The Jamestown Electric Company, of 
Jamestown, N. D., has been granted a fran- 
chise for a plant to cost about $12,000. 


Mr. F. H. Gilson, of Wellesley, Mass., is 
on the committee to investigate the question 
of securing electric lighting for the town. 


A private lighting plant for the purpose 
of lighting their establishments will be 
erected by the business men of La Crosse, 
Wis. 


Mr. J. J. Kennedy, of 52 Broadway, New 
York city, is the engineer for the proposed 
electric light plant to be erected in Yadkin, 

C. 
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The capital stock of the St. Lawrence In- 
ternational Electric Company, of Alexander 
Bay, N. Y., has been increased from $40,000 
to $250,000. 


An electric light plant is to be built in 
Rockville, ‘Md. The city council has placed 
the matter in the hands of Mr. W. W. 
Welsh, of that place, 


The people of Holly, N. Y., are to vote on 
the proposition of the village constructing 
and operating an electric light plant at a 
cost not to exceed $15,000. 


The Royal Electric Company will soon be- 
gin the work of placing an electric light 
plant in Longueil, Quebec. The lights are 
to be ready by November 1. 


The Hawks and the Angus electric people 
have asked the council of Jackson, Mich., 
for permission to construct and maintain 
an elaborate electric lighting system. 


The city authorities of Brookings, S. D., 
have let the contract for the new municipal 
water and electric light plant to be built 
there this summer. It will cost $50,000. 


The borough of Chatham, N. J., is being 
staked out by W. N. Sheean & Company, en- 
gineers for the electric light poles. Prepar- 
ations are being made to build the new 
electric light and power-house. 


The structural steel work on the new 
power-house for the Niagara Falls Power 
Company is rapidly progressing. The work 
is being done by the American Bridge Com- 
pany and will soon be ready for the stone 
work. 


The Lancaster County Railway and Light 
Company, of Lancaster, Pa., has awarded 
contracts for an electric power plant to cost 
$300,000. It will be located in Lancaster, 
with transforming stations at various points 
in the county. 


Mr. L. E. Myers, superintendent of con- 
struction of the Canton-Akron electric line, 
of Canton, Ohio, has announced that that 
company will have an electric light plant. 
Light will be offered to Akron and Canton 
and intervening towns. 


The Sharpsburg council, of Sharpsburg, 
Pa., has accepted the bondsman of the Lang- 
ton Electrical Machinery and Construction 
Company, of Allegheny, Pa., which has the 
contract for the erection of the new electric 
lighting plant in that place. 


The Merchants’ Lighting Company has ap- 
plied to the city council of Salt Lake City, 
Utah, for a franchise to operate a commer- 
cial and street lighting plant in that city. 
The application was made by Mr. H. G. Ed- 
wards, who stated that the company was 
backed by ample Chicago capital. 


The plans for the new plant for the Mus- 
kegon Traction and Lighting Company, of 
Muskegon, Mich., have been drawn. They 
provide for the expenditure of $100,000 in 
the erection of a modern fireproof structure 
which is to be completed by December 1. 
This plant will furnish power for both the 
street railway and street lighting systems. 


The stockholders of the United Gas Elec- 
tric Light and Fuel Company, of Sandy 
Hill, N. Y., will hold a meeting September 
12 to act on a proposition to increase the 
capital stock from $150,000 to $200,000. This 
company lights the villages of Sandy Hill, 
Fort Edward and South Glens Falls, the 
main office being in Sandy Hill. 


The mayor of Mascoutah, Ill., Mr. George 
W. Lischer, will receive sealed bids for fur- 
nishing the city with electric light for a 
period of 10 years. Eighty-five incandescent 
lamps of thirty candle-power each are 
to be furnished in one bid, and another bid 
calls for the same number of lights of 50 
candle-power each. The city is to be pro- 
vided with as many more lights as may be 
desired in the future during the time of the 
contracts at the same rate per light. 
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( ELecTRIC RAILWaYs | 


The work of grading the new electric line 
through Beechwood, W. Va., has been begun. 


The city council of Whitehouse, Ohio, has 
granted a franchise to the Toledo, Waterville 
& Southern Electric Railway. 


The Lehigh & Carbon Electric Railway, 
Lehigh, Pa., has been granted the rights of 
way through North Whitehall. 


The Little Consolidated Street Railway 
Company has commenced work on the Clif- 
ton boulevard line in Cleveland, Ohio. 


An ordinance granting a franchise to the 
Alpena, Gaylord & Western Railway has 
been passed by the council of Alpena, Mich. 


The special contract for the grading work 
on the Muncie, Hartford City & Fort Wayne 
interurban line, of Indiana, will soon be let. 





The laying of rails on the New Haverhill, 
Plaistow & Newton Electric Railway, of 
Newton, Mass., has begun at the Amesbury 
end. 


The Union Traction Company will prob- 
ably enlarge its shops at Anderson, II1., 
spending $12,000 to $15,000 on the improve- 
ments. 


President Walsh, of the State Electric 
Railway Company, of Clinton, Ohio, states 
that the company has effected plans for the 
extension of its lines. 


The Union Electric Company, of Dubuque, 
Iowa, contemplates making extensive im- 
provements in its railway system during the 
coming fall and spring. 


It has been decided to extend the Eagles- 
mere electric road to the Chautauqua 
grounds in New York. The work will prob- 
ably be commenced this fall. 


The Easton, Tatamy & Bangor street rail- 
way, of Easton, Pa., has been completed as 
far as Belfast, except the crossing of the 
Easton & Northern line at Stockerton. 


It is expected that the construction of the 
Oshkosh, Omro & Berlin electric railway, of 
Oshkosh, Wis., will soon be begun. Nearly 
all the rights of way have been secured. 


A charter has been granted to the Free- 
dom & Conway Electric Street Railway 
Company, in Beaver, Pa. The capital stock 
is $12,000 and Mr. W. R. Wright is the presi- 
dent. 


President Emery and an engineer are 
making the final survey for the Lansdale & 
Norristown trolley of Lansdale, Pa. It is 
announced that the contract will be let in a 
few days. 


The Poughkeepsie & Wappinger Falls 
trolley road is to be extended from Wap- 
pinger Falls to Fishkill, N. Y., this fall. The 
work on the extension will be begun about 
October 1. 


The town council of New Oxford, Pa., has 
granted a franchise to the Baltimore, West- 
minster & Gettysburg Railway Company, 
permitting it to erect a trolley line through 
the streets. 


News comes that the Rapid Railway is 
about to build a line from Anchorville to 
Marine City, Mich., thus shortening the dis- 
tance between Detroit and Port Huron by at 
least nine miles. 


The Metropolitan Street Railway Com- 
pany, of New York, has opened its new ter- 
minal at the Cortlandt street ferry, and be- 
gun running cars from the Sixth avenue and 
Eighth avenue lines. 


The work will soon be commenced upon 
the construction of the road-bed of the new 
extension of the Philadelphia & Westchester 
trolley road, of Philadelphia, Pa. It will 
be about five miles in length. 


Work will soon be begun upon an electric 
line between Noblesville and Indianapolis, 
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Ind. The line is intended for a part of the 
proposed road to Kokomo. Townsend & 
Reed will construct the road. 


A party representing Detroit capitalists 
is in the mountains between Tullahoma and 
Chattanooga, Tenn., looking over the route 
of the proposed railway which is to run an 
air line from Chattanooga to Nashville. 


Justice White has appointed Mr. George 
W. Houck, of Worcester, Mass., receiver of 
the Buffalo, Hamburg & Aurora Railroad 
Company, of New York, on the application 
of creditors, whose claims aggregate about 
$12,000. 


It is probable that a new trolley line run- 
ning from Greenpoint to Canarsie, L. I., will 
replace the present road running from East 
New York to the latter place. It is expected 
that the new road will be in operation next 
summer. 


Mr. H. J. Booth, attorney for the Columbus 
Railway Company, of Columbus, Ohio, has 
applied for an ordinance giving him the 
right to construct a double track on Taylor 
avenue between Mt. Vernon avenue and 
Atchison street. 


Ground has been broken for the addition 
to the power-house of the Camden & Sub- 
urban Railway Company, of Camden, N. J. 
It is to cost $100,000. The increased service 
in the city and extensions make the new 
power station necessary. 


The Indianapolis & Shelbyville Electric 
Railway, of Indianapolis, Ind., has now been 
financed and the work of construction will 
soon be entered upon. The road will be 26 
miles in length and will cost, including 
equipment, about $550,000. 


The survey from Clyde to Rochester, N. 
Y., has been completed by Mr. W. C. Gray, 
who is the engineer of the proposed electric 
railway from Syracuse to Rochester. The 
franchises have been secured from all the 
important points along the line. 


The directors of the Apollo, Vandegrift & 
Leechburg Electric Railway, of Leechburg, 
Pa., have decided to begin work immediately 
on the construction of the road. It will be 
eight miles in length. Dr. J. D. Orr, of 
Leechburg,:is president of the company. 


Mr. William Odlin, of Andover, Mass., has 
been appointed receiver of the Stoughton & 
Randolph Street Railway Company. The 
company, which was organized in 1898, op- 
erates a line between Randolph and Stough- 
ton. Its indebtedness amounts to $150,000. 


The town of Laurel, Md., will soon be con- 
nected with Washington by trolley line. 
Vice-President Harries, of the Washington 
Traction Company, has been looking over 
the road-bed which was constructed several 
years ago by the Maryland & Columbia Rail- 
way Company. 


Work has been begun upon the new Pan- 
handle traction line in West Virginia. As 
the season is somewhat advanced, the con- 
tractors, Messrs. Springer and Hallock, ex- 
pect to provide more than the usual number 
of workmen in order that the road-bed may 
be finished as soon as possible. 


The construction work on the Carnegie, 
Oakdale & McDonald street railway, of Pitts- 
burgh, Pa., will probably be begun in the 
coming fall. The rights of way for the line 
from Carnegie to Oakdale have all been se- 
cured and the company is preparing to se- 
cure bids for the work. 


The Hoosac Valley Street Railway Com- 
pany, in Massachusetts, has been compelled 
to cease work upon its extension in Cheshire 
because of the flood. The work has been 
progressing rapidly and the company has 
the track laiu as far as the main road be- 
tween Cheshire and Adams. 


The Falk Construction Company, of Me- 
nasha, Wis., has been granted a franchise 
for its interurban line through the town of 
Black Wolf. This is the last construction 
to be done in the building of the Fond du 
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Lac-Oshkosh electric line and the work will 
commence immediately. It is expected that 
the road will be running by July 1, 1902. 


Work is being pushed upon the line of 
the San Bernardino Traction Company, of 
San Bernardino, Cal., between Redlands and 
Colton. Contracts have been made with the 
Illinois Steel Company for 45-pound rails to 
equip the line. Bids for constructing the 
roadway are being received and the con- 
tract will soon be let. 


A temporary injunction in an action 
brought by August Belmont to restrain the 
Mineola, Hempstead & Freeport Traction 
Company from building a railroad on Main 
street has been granted by Justice Stover. 
The action is brought on the ground that the 
street is a macadamized highway and can 
not be used by a trolley company. 


The Newark-Marion trolley line, of Newark, 
N. Y., will be constructed this year. The 
money for the construction of the road is 
furnished by the Syracuse Construction Com- 
pany and the contractors are Taylor & 
Tylee, of Worcester, Mass. It is expected 
that it will require two months to get the 
road in running order and that it will be 
completed by January 1, 1902. 


The Wilmington & Brandywine Springs 
Railway Company has completed the arrange- 
ments with capitalists who intend to build 
a railway system in Chester County, Pa., 
whereby that company is to provide the 
Chester County people with terminal facil- 
ities in Wilmington. It is a traffic arrange- 
ment which means a continuous line between 
Wilmington and several points in Chester 
County. 


The Schenectady Railway Company, of 
Schenectady, N. Y., which controls the entire 
railway and electric lighting business in 
Schenectady, has built a double track exten- 
sion to Albany, and. has in course of con- 
struction a line to Troy. The funds for the 
extensions are to be provided by an issue 
of $1,250,000 first mortgage bonds which 
have been sold to N. W. Harris & Company, 
of New York. 


[ LEGAL NOTES | 


STREET RAILWAY LIABILITY—It has 
been decided, in Chattanooga Electric Rail- 
way Company vs. Boddy (Tenn.) 51 L. R. A. 
885, that one who alights from a street car 
and goes behind it to a parallel track on 
which he is struck by another car is only 
a traveler on the highway, and no longer 
entitled to the extraordinary degree of care 
that is due to passengers. 


ELECTRIC RAILWAY LINE NOT AN 
ADDITIONAL BURDEN ON THE FEE—It 
has been held in La Crosse City Railway 
Company vs. Higbee (Wis.) 51 L. R. A. 923, 
that a pole used by a trolley passenger 
street railway line in a city street is not an 
additional burden on the fee, though the 
same court held in 41 L. R. A. 575, that an 
electric railway on a country road is an addi- 
tional burden. 


RIGHT OF A STREET RAILWAY COM- 
PANY—The right of a street railway com- 
pany to remove shade trees which are an ob- 
struction to the road which it is authorized 
to build is upheld in Miller vs. Detroit, Y. 
& A. R. Company (Mich.) 51 L. R. A. 955, 
without requiring compensation to the 
abutting owner, though notice to him is re- 
quired, as well as an opportunity to remove 
the trees if he sees fit. 


STREET RAILWAY COMPANY’S RE- 
SPONSIBILITY FOR PASSENGERS — In 
Sweetland vs. Lynn and B. R. Co. (Mass.) 
51 L. R. A. 783, it has been held that a rule 
forbidding passengers to ride on the plat- 
form of an electric car and making them do 
so at their own risk is reasonable. It has 








also been held to be waived when passengers 
are accustomed to ride there freely and with- 
out question and to pay fare while doing so, 
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(ELECTRICAL SECURITIES | 


( TELEPHONE AND TELEGRAPH | 





The week just closed showed an excellent 
demand for securities, although there had 
been a reaction in prices during a few days. 
The bank statement acknowledged a loss of 
$6,000,000 in cash during the week, evidently 
caused by demand for currency from the in- 
terior in connection with the marketing of 
crops. 

Business generally throughout the coun- 
try is in satisfactory condition and quite 
brisk at distributing centres, and it is be- 
lieved that the entire industrial situation is 
undergoing a decided change for the better. 
Electrical stocks throughout the country 
held their own and the quotations of some of 
the larger companies showed a net advance 
for the week. 


ELECTRICAL SECURITIES FOR WEEK ENDING 
AUGUST 31. 

jew York: Highest. Lowest. Closing. 
Brooklyn R. TT... 77% 74% 75% 
Con. Gis. ocscce. 229%, 223%, 226% 
Gen, BAGG... .663%« 268 265 267% 
gO] eee 121% #119 120% 
Met. St. Hy. :..... 170 167144 168% 
Kings Co. Elec... ... fea 200 
W.Y. @N.J. Fel. Co... 175 


Telep.,Tel.&Cbl.Co. ... afta 5% 

There was a noticeable demand for Man- 
hattan Elevated. The New York Stock Ex- 
change believes tha. the purchases were in- 
duced largely by progress made in the in- 
stallation of the electrical plant. 


Boston, August 31: Closing. 
tie CRORE Ge UR ORS e 6 onc kkk Ss meee 168 
NG oo iro orci ie baie een aveeeion 46 
INGW MEUM, ROR. osc cles heeds ewes 140 
ERGR BOY kes 6 io Nes os eid oeeute 93 
Westing. TRE: Die vic ccccetccnvecs 71% 
ENE Ns ol ooo a ae wus eiaheratocators 260 


The July net earnings of Massachusetts 
Electric Companies, after large improve- 
ment expenditures, are officially stated to 
have been $57,000 more than in July, 1900. 

American Telephone and Telegraph Com- 
pany continues very strong, the stock ad- 
vancing to 170. 


Chicago, August 31: Closing. 
Chicago Edison Light............ 163 
Central Union Telephone......... 45 
Chieaso Telephone. .... 2... cicccce 274 
Whe BRN rar goal arnt ce hare hbo cinld era Sle oe 16 
i RN OE g aiuloce S aield este maine ee oe 58 
MRGGROR NECN TED oi 55 ais sik: cide ccsiacciaccrs 92 
There was moderate activity in Union 


Traction, with the selling rather the strong- 
er. There was a demand for Chicago Tele- 
phone and Chicago Edison. The latter com- 
pany, it is predicted, will come under the con- 
trol of the Chicago Gas within six months. 


Philadelphia, August 31: Closing. 
Wer, ©. GF Amer: oo... ous dsc cees 71% 
Philadoiphia Wice..... 2... 0ccsses 55% 
Wieete TRRCCION soc oo ccs ccidewe as 30144 
UNG Gre By OOo oie cinteoe ew few tee 107 
MGC. TOR. TORE, (Cou ok cals eso Qe eens 77 
miee. Stor. Hat: . pl... . cw cgyecees 78 


It is understood that at the Railways 
Company General meeting in September, a 
dividend disbursement at the rate of five 
per cent per annum will be authorized on 
the reduced capitalization of $1,200,000. 

American Railways were active, up 1% 
to 42 on the good showing which the annual 
statement is expected to make. There is re- 
newed talk of the merging of this company 
with the Electric Company of America. 


[ MISCELLANEOUS | 


The capacity of the power plant of the 
University of Michigan, at Ann Arbor, Mich., 
is to be increased several hundred horse- 
power by the improvements which are being 
made this summer. 








boilers, of 250 horse-power each, are being 
put in the place of the two smaller boilers. 


Two new water-tube. 


The Glen Lily Telephone Company has 
been incorporated in Hart County, Tenn., by 
Gen. Simon Bolivar Buckner and others. 


The exchanges of the Michigan & New 
State telephone systems are being consoli- 
dated in Michigan. Mr. Charles A. Paddock 
is manager of the consolidated exchange. 


A large telephone deal has been closed at 
Grand Forks, B. C. Mr. Kerr Houlgate, of 
Vancouver, has leased the lines of the 
Columbia Telephone and Telegraph Com- 
pany and the subsidiary lines of the North- 
west Telephone Company. 


The line of the Nevada & Monticello Tele- 
phone Company, of Nevada, Mo., has been 
completed and put in operation. It was 
built by Nevada capitalists and will be ex- 
tended at once to Stockton, thence to Lamar, 
and connect with the Zinc Belt of southwest 
Missouri. 


Messrs. Seymour and Paul Davis, archi- 
tects, have drawn plans for the Keystone 
Telephone Company’s new exchange in 
Philadelphia, Pa., which have been sub- 
mitted to the Bureau of Building Inspec- 
tion for approval. The new building will 
be four stories high with basements. It 
will be 42.2 feet wide and will be 120.4 feet 
in depth. 


In Pierre, S. D., the construction of a 
telephone line from that city to the Black 
Hills is being projected. The company for 
this purpose is to be incorporated in a few 
days and the work will then be begun at 
once. The line will connect with the Black 
Hills systems and give that section direct 
communication with the eastern part of the 
state. 


The people of Lawton, O. T., will soon be 
connected with the outside world by tele- 
phone. Mr. A. W. McKeand has applied 
for a charter for the Kiowa-Comanche Tele- 
phone Company with headquarters at Law- 
ton. Mr. Daniel K. Rhinehart, of Bolton, 
Kas., is behind the enterprise. He is the 
owner of seven telephone exchanges and will 
run a wire to Chickasaw, I. T., and from 
there to other cities in the Southwest by 
connections with the present systems. 


Stockholders of the Telephone, Telegraph 
and Cable Company of America have re- 
ceived from President James M. Thomas of 
that company a circular recommending that 
they accept an offer from Charles W. Morse 
to buy their investments at 50 cents on the 
dollar. Mr. Morse is interested in many 
banks in the city and he was the official head 
of the American “Ice Trust” until he re- 
tired. He is an intimate friend of Mayor 
Van Wyck. Mr. Morse believes in the prac- 
ticability of the new project and is willing 
to undertake the financial responsibility of 
its management, if he can get the control at 
a price which he considers reasonable. Mr. 
Morse says: “When a stockholder has paid 
in $5 I will pay $2.50 for that stock. When 
there has been $15 or $20 paid in I will pay 
$7.50 or $10 for the stock.” The book records 
show that the stockholders of the new com- 
pany have paid in about $4,000,000. The city 
Trust Company, of which John D. Crimmins 
is the head, is to act as trustee in this trans- 
action. The company owns a number of Iran- 
chises and several operating telephone com- 
panies. 


( AUTOMOBILE NOTES | 


Plans for an open automobile race to be 
held in October on the Washington Park 
racetrack are being made by city electrician 
Ellicott, in Chicago. It is expected that 35 
to 40 automobile owners will take part. The 
plan is to race the machines three at a time 
and thus arrive at finals between the two 
fastest automobiles entering. Prizes for ve- 
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hicles of different classes have also been 
suggested. 


Mr. Simon Friedberger, of Philadelphia, 
Pa., has been conveying workmen to his mill 
in his private automobile that they might 
escape molestation on the part of the strik- 
ers in Germantown, Pa. Hearing that the 
strikers would capture some of the men who 
had refused to join them, Mr. Friedberger 
put his private automobile into service and 
conveyed several of the men from their 
homes to the mill. 


Over fifty entries were received to Septem- 
ber 1, 1901, for the 500-mile endurance test, 
New York to Buffalo, starting from club 
house, Fifty-eighth street and Fifth avenue, 
New York, Monday morning, September 9, at 
nine o’clock, and terminating in Buffalo, Sep- 
tember 14. The entries are almost evenly 
divided between steam and gasoline vehicles. 
The automobiles making the best time 
climbing Nelson Hiu, near Peekskill, will re- 
ceive cup prizes from Messrs. A. R. Shattuck, 
Harlan W. Whipple and Winthrop E. Scar- 
ritt. 


( PERSONAL MENTION | 


MR. F. R. WELLS, of the Western Electric 
Company, of Paris, France, is now in the 
United States. Mr. Wells is at present in 
the West. 


DR. NIELS R. FINSEN, of Denmark, will 
receive one of the two prizes created by the 
will of Alfred Noble for discovering the light 
treatment for lupus. 


MR. FRANK J. SPRAGUE, of New York, 
has just returned from a trip to Europe, 
where he devoted his attention to traction 
matters, principally in England. 


DR. ARTHUR VON OETTINGER, honor- 
ary professor of physics at Leipzig, Ger- 
many, has been elected a member of the 
Saxon Academy of Sciences, at Leipzig. 


DR. CHARLES BENTON THWING has 
been elected professor of physics in Syra- 
cuse University to succeed Professor Eu- 
gene Haanel. Dr. Thwing was formerly 
professor of physics in Knox College. 


MR. R. S. ROBERTSON has been ap- 
pointed resident engineer of the Godalming 
Electric Lighting Company. He was for- 
merly first assistant at the city roads station 
of the County of London and Brush Provin- 
cial Electric Lighting Company, Limited, 
England. 


MR. E. Mw. BECKMAN, an electrical engi- 
neer of Gothenburg, Sweden, is now in this 
country seeking information regarding 
modern American electrical methods per- 
taining to electricity. It is intended to 
largely employ electric power for both street 
railway and general lighting purposes in 
Sweden. 


MR. ROLLA R. RAMSEY, Ph.D., Cornell, 
01, has been appointed to an instructorship 
in physics in the University of Missouri. 
Dr. Ramsey graduated from the University 
of Indiana and has held graduate fellow- 
ships at Clark University, Worcester, Mass., 
and also at Cornell University, at Ithaca, 
N. Y. He has been assistant in physics at 
Cornell and an instructor at the University 
of Indiana. 


MR. SUMNER W. CHILDS, who has just 
completed for J. G. White & Company, as 
their superintendent of construction, the in- 
terurban railway between Toledo, Ohio, and 
Monroe, Mich., was in town last week. This 
railway has now been absorbed into the 
great Everett-Moore system. Mr. Childs has 
been selected vy Lonuon parties to represent 
them and take charge of the construction of 
a large tramway system at Kalgoorlie, West 
Australia, and sailed on the Fuerst Bismarck 
foy London, to complete all arrangements 
and proceed to the work. 














296 





[ INDUSTRIAL ITEMS } 


MESSRS. SIPE & SIGLER, of Cleveland, 
Ohio, have received the contract for the 
erection of the power plant at the United 
States Naval Academy at Annapolis, Md., 
for $38,000. 


MR. CHARLES T. YERKES has awarded 
to the British Westinghouse Company the 
contract for 30,000 horse-power of engines 
and generators for his Metropolitan district 
railway enterprise. 


THE ELECTRIC APPLIANCE COMPANY 
has just placed upon the market a new cabi- 
net type wall telephone for both series and 
bridging work. Special descriptive matter 
is being sent upon application. 


THE ERICSSON TELEPHONE COM- 
PANY, of New York, N. Y., has issued Part 
6 of its Ericsson series, in which its inter- 
communicating telephone systems are de- 
scribed and their advantages set forth. 
This company manufactures a_ specially 
sensitive transmitter. 


THE MUNICIPALITY OF AMSTERDAM, 
HOLLAND, is about to place contracts for 
electric cars arranged for an overhead sup- 
ply of electricity. The contractor of mu- 
nicipal tramways, Nieuwe Achtergracht, No. 
164, Amsterdam, will furnish particulars 
about une specifications. 





BULLETINS and prices on Manhattan arc 
lamps and Pittsburgh transformers can be 
obtained from the Central Electric Company, 
of Chicago. This company has added these 
to its long list of standard goods such as 
Columbia incandescent lamps, D. & W. safety 
devices and Okonite products. 


THE WESTERN ELECTRIC COMPANY’S 
bid, which was submitted to the municipality 
of Gravesend, England, for the supply of 
cables and underground work, including two 
years’ maintenance of the same, has been 
recommended for acceptance. The contract 
will call for an expenditure of some $36,000. 


THE CORPORATION OF EDINBURGH, 
SCOTLAND, is to place contracts for the in- 
stallation of electric lights in the Collatin 
Mains Fever Hospital, the number of lights 
being about eight hundred. The specifica- 
tions will be furnished by the resident elec- 
trical engineer and the power station will 
be situated in Dewar street, Edinburgh. 


THE WESTINGHOUSE COMPANIES, of 
Pittsburgh, Pa., have just issued a very at- 
tractive booklet which is intended for dis- 
tribution from their exhibits at the Pan- 
American Exposition. It gives a compre- 
hensive idea of the many important indus- 
trial enterprises with which the name West- 
inghouse is associated, and refers to some 
of the notable work accomplished by those 
companies. 


THE CHARLES WARNER COMPANY, 
Philadelphia, New York and Wilmington, 
has recently issued a pamphlet on the “Sov- 
ereign” brand of Portland cement, of which 
it is the sales agent, which will be sent to 
any address on application. The cement is 
of the highest grade, and many testimonials 
from contractors attest its fine quality. The 
various cements manufactured by this com- 
pany enter largely into electric railway and 
central station work and give satisfaction in 
every case. 


THE URBAN DISTRICT COUNCIL of As- 
ton Manor, England, is to install machinery 
for an electric power station as follows: 
water-tube boilers, stokers, economizers, two 
500-kilowatts steam dynamos, one 200-kilo- 
watt steam dynamo, motor balancer, switch- 
board and testing motor, traveling crane and 
arc lamps. The contractors are at liberty 


to make tenders for the different articles. 
Mr. Reginald P. Wilson, consulting engineer 
of Aston Manor, will furnish specifications 
regarding the contracts. 


ELECTRICAL REVIEW 


THE NEW YORK CENTRAL & HUD- 
SON RIVER RAILROAD COMPANY has 
issued number 7 of its four-track series. 
It is entitled, “Three Ways to Go to New 
York,” and contains information regarding 
the three routes along the Hudson River 
between Albany and New York. The route 
by rail, and those by the Hudson River 
Day Line and the People’s Night Line are 
described. A copy of this booklet will be 
mailed to any one by sending a postage 
stamp to Mr. George H. Daniels, General 
Passenger Agent. 


THE SPRAGUE ELECTRIC COMPANY 
has been obliged to run the New York factory 
at night for some time to meet the demand 
for its flexinle conduits for interior wiring. 
The new flexible products are very popular 
and will continue the reputation for excel- 
lence that the Sprague company‘s conduits 
always have enjoyed. The special qualities 
of the Greenfield flexible steel armored con- 
ductors and cords are simplicity of installa- 
tion, thorough protection of wire and insu- 
lation from mechanical and other injury, 
and high-grade insulation at low cost. 


THE STANDARD PAINT COMPANY, 
of New York, has delivered the very large 
quantity of Ruberoid roofing for the build- 
ings of the Great Art Exhibition to be 
held at Karlsruhe, next year. The build- 
ings in which this exhibition is to be held 
will be fine works of art, combining the 
skill of the best architects, painters and 
sculptors in the world. Recently a large 
lot of this roofing was delivered to the Rus- 
sian South West Railway to cover a num- 
ber of buildings which it is erecting. The 
Baldwin-Zeigler Polar Expedition took a 
large quantity of it because of its light 
weight, ease of transportation and the econ- 
omy of space that it affords. The United 
States and German troops in China live in 
barracks roofed over with Ruberoid. 


THE SECOND EDITION of the first vol- 
ume of “Tugman’s Index” has just appeared. 
It is confined to firms and industries in 
Pennsylvania. The work is very complete, 
comprehensive and carefully compiled. The 
lines of manufactures listed number 10,000, 
and references to 150,000 firms are given. It 
is being widely circulated, a copy having 
been sent to every United States Consul and 
to the Chambers of Commerce in all foreign 
countries. The publishers state that the 
second volume will be issued in January, 
1902, and ultimately every state in the 
Union will be covered. This is the only 
work of its kind in existence, and the great 
care, completeness and impartiality with 
which it has been compiled should make it 
of special value to all buyers and business 
firms both at home and abroad. 


THE WESTERN ELECTRICAL SUPPLY 
COMPANY, of St. Louis, general sales 
agent for the Browning Manufacturing 
Company, reports that the success of the 
new type small Browning generators and 
motors has been extremely gratifying. 
These motors and generators are the new- 
est and quite up to date. Wherever these 
motors and generators have been installed 
they have given entire satisfaction. These 
small machines are of high grade, the ma- 
terial and workmanship the best, being 
tested by a four-hour run at a 10 per cent 
overload and one-hour run at a 50 per 
cent overload before leaving the factory. 
They are made of the best cast dynamo 
steel, slotted armatures, have self-oiling 
ring bearings and carbon brushes. These 
machines were especially designed to fill 
a demand for a perfect small motor or gen- 
erator. They are made in sizes from one- 
fifth to three and a half horse-power and 
from one-eighth to two and one-half kilo- 
watts. They are especially adapted for both 
heavy and light work and are sold under 
the strongest guarantee. The Western Elec- 
trical Supply Company has gotten out a 
very attractive bulletin on these motors and 
dynamos, which will be sent on application. 
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(NEw INCORPORATIONS |] 


CANTON, OHIO—The Ideal Light Com- 
pany. $10,000. 

ST. BERNARD, OHIO—The Suburban 
Electric Company. $10,000. 

SYLVANIA, OHIO—The Sylvania Home 
Telephone Company. $10,000. 
PAINESVILLE, OHIO—The Painesville 
Telephone Company. Capital stock in- 
creased from $20,000 to $75,000. 

CANTON, OHIO—The Stark County 
Telephone Company. Capital stock in- 
creased from $100,000 to $500,000. 


EMORY, TEX.—The Emory Telephone 
Company. $1,000. Incorporators: W. D. 
Peeples, A. H. Rodes and others. 


CHICAGO, ILL.—Perpetual Light Com- 
pany. $2,v00. Incorporators: George P. 
Magrady, James Dayton and H. A. Stickel. 

HUMBOLDT, OHIO—The Humboldt Tele- 
phone Company. $2,500. Incorporators: 
James McDougle, E. M. Milliken and others. 

CHICAGO, ILL.—R. E. M. Insulated Wire 
Company. $50,000. Incorporators: Percy 
M. Edwards, Edward McDaniel and others. 

DETROIT, MICH.—Central Wireless Tele- 
phone and Telegraph Company. Incorpo- 
rators; J. E. Pauley, J. S. Schwab and others. 

HARRISBURG, ILL.—The Harrisburg 
Water, Light and Power Company. $60,000. 





Incorporators: John Fraser, Howard C. 
Bates and others. 
BUTTE, MONT.—The Butte Electric 


Light and Power Company. $2,500,000. In- 
corporators: W. J. Canning, William W. 
Mansfield and others. 


CHICAGO, ILL.—The Hall Electric and 
Manufacturing Company. $50,000. To 
manufacture machinery. Incorporators: 
S. L. Crim, O. A. Harding and others. 


THE DIAMOND LIGHTING COMPANY. 
$500,000. Incorporators: W. J. Poupore, Ot- 
tawa, Ontario; Theodore Naddeau, New 
York; M. J. Morrison, Montreal, Quebec. 


PHILADELPHIA, PA. — International 
Wireless Telegraph and Telephone Com- 
pany. $25,000,000. Incorporators: M. V. 
Gehring, Harry Shoenmaker and others. 


BLOOMSBURG, PA.—The Bloomsburg & 
Catawissa Electric Railroad. $42,000. To 
build an electric road between Bloomsburg, 
Rupert and Catawissa. Grant Hering is the 
president. 


TOLEDO, OHIO—The Toledo & Lima 
Traction Company. $50,000. To construct 
an electric railway line from Toledo to 
Lima. Incorporators: H. A. Tobey, G. S. 
Metzger and others. 


DOVER, DEL.—The Cooper Electric Rail- 
road Gate Company. $150,000. To deal in 
all kinds of electrical machinery. Incorpo- 
rators: Thomas O. Cooper, Wilmington, Del.; 
John L. Hall, Philadelphia, Pa., and others. 


LAUREL, MISS.—The Mississippi Tele- 
phone Company. $30,000. To build and 
operate lines between New Orleans and 
Meridian and between Mobile and Jackson. 
Incorporators: W. C. Welborn, E. D. Pierce 
and others. 


NEW YORK, N. Y.—The Swan Electric 
Manufacturing Company. $250,000. To 
construct and operate plants for the pro- 
duction of electricity and to manufacture 
electrical appliances. The directors are: 
William J. Swan, John S. Comfort and 
others. 


NEW YORK, N. Y.—Consolidated Battery 
Company. $1,000,000. To manufacture and 
deal in electrical machinery, primary and 
secondary electrical batteries, electrical in- 
struments and appliances. Directors: Dan- 
iel C. Knowlton, Arthur A. Mosher and 
William C. Nichols. 
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Specially reported for this journal by E. 8S. 
peree. solicitor of patents, Loan and Trust 
Building, Washington, D.C. Copies of any 
patent may be secured for 10 cents each.) 











ISSUED AUGUST 27%, 1901. 

681,179 Electric arc lamp; F. B. 
Babt, Chicago, Ill. 

681,185 Telegrapher’s ~ # guard; 
{. H_ Blessing, Albany, . XY 
finger guard for telegraphers consist- 
ing of a body carried on the finger, a 
portion thereof projecting outwardly 
and arranged to overlap the telegraph 
key. 

681,211 Electric detector for valves; 
C. B. Garrett, Minneapolis, Minn. 

681,269 Motor controller; R. W. 
Scott, New York, N. Y. 

681,290 Burglar alarm; J. B. 
Yeakle, Baltimore, Md.—A normally 
closed charged circuit connecting the 
point to be protected with the central 
office, a signal controlling magnet lo- 
cated at the point to be protected and 
included in said circuit, said magnet 
constituting the artificial resistance 
adapted to be shunted by the auto- 
matic protective devices, and a key at 
the central office controlling the action 
of said magnet. 

681,298 Electric system for rail- 
ways; D. 8. Bergin, Chicago, III. 

681,295 Dynamo-electric machine ; 
J. B. Flood, Newburyport, Mass.—An 
armature-core having slots to receive 
the inductor-sections, the slots which 
receive the same inductor.sections vary- 
ing in dimensions from each other. 

681,296 Telephone-receiver support 
lock; A. L. Brinckle, Philadelphia, 
Pa.—Consists of a receiver support, a 
latch secured adjacent to the support 
and means for holding the latch in 
locking engagement with the receiver 
support independent of the use of the 
line at other stations. 

681,317 Core and _ pole-piece for 
field magnets of dynamos or motors; 
R. Hirsch, Milwaukee, Wis.—Core 
and pole-pieces for the field magnets 
of dynamo-electric machines and mot- 
ors, having faces of an area not less 
than two-thirds of the circumferential 
area of the armature, and a cross- 
sectional area greater than that of 
their faces. 

681,329 Method of making second- 
ary-batter, plates; B. Kuetner, 
London, England—Consists in mixing 
lead oxides with a solution of a soluble 
silicate to form a paste, making the 
paste into a plate and dipping the 
plate in a solution of an ammonium 
salt. 

681,341 Magnetic device for restor- 
ing and aiding hearing; 8. G. Payn, 
Jr., Bath-on-Hudson, N. Y. 

(Continued on page $2 


PATENTS. 


Twenty years’ continuous practice with 
the Western Union Telegraph Company, 
American Bell Telephone Company, Gen- 
eral Electric Company, Electrical Accumu- 
lator Company, Postal Telegraph-Cable 
Company, and other electrical companies. 


Correspondence and interviews solicited. 


W. B. VANSIZE, 263 Broadway, N. Y. 
Solicitor and Expert. 








PATENTS. 


Caveats, Trade-Marks, 
Copyrights and Designs. 





Send Your Business Direct to Washington. 
Saves Time, Costs Less, Better 
Service. 





My office close to U. S. Patent @ffice. 


PERSONAL ATTENTION GIVEN— 
20 YEARS’ EXPERIENCE. 


Book ** How to Obtain Patents,” etc., 
sent free, 


E. C. SICCERS, 


918 F St., N. W., WASHINGTON, D. C. 








Trade-Marks 
Copyrights 


EDWARD S. DUVALL 


(Formerty with Benj. Butterworth, 
late Commissioner of Patents), 


Patent Lawyer, 


American and Foreign Pateats 
Secured Promptly. Moderate Fees. 


PATENTS 


Infringement Suits. Interference Cases. 
Opinions on Scope or Validity of Patents. 
Expert Examinations of Patent Office 
Records. 
Abstracts of File Wrappers of Applications 
before Patent. 
OFFICES: 


LOAN & TRUST BUILDING, 
OPP. PATENT OFFICE, 


WASHINCTON, D.C. 








“Why and How” 





Do you wish to understand the principl 
-. _ methods and history o 
the See oe industrial, 
SCIENCE technical and scientific 
processes and operations 
——— that you have seen and 
We explain the —-———— wondered at? 
things every- AND How done, and 
one wants to pia done, in 
know. Our ar-!_ in ways? 
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nteresting and accu- 
rate—a combination INDUSTRY 
not foundin any other 

pular-science publication in print. Send 
Be Cents in Stamps for a Three-Months’ 
Trlal Subscription. You will like us. 


SCIENCE AND INDUSTRY, 


$1.00 PER YEAR. 











] Our Students 
; Succeed |: 


Our instruction helps students to 
better positions and higher sala- 
ries. This is what a student says: 


A Lineman Benefited. 


My course has been a benefit to me in 
many ways. When [ enrolled, I was work- 
ing as & lineman. | 
Owing to the ex- [& 
cellence of your in- 
structior, was 
advanced to the | 
position ofdynamo |~ 
tender,andthento | @ 
trimmer, with an |) 
increase in wages. | 

am now gettin : 
practical experi- 
ence in han —_ 











; tures. shall al- 
ways be a good 
the 


FRED W. HouGuHTALina, 
hree Rivers, Mich. 


Instruction by Mail 


for Electrical Workers in Electri- 
cal Engineering, Power and Light- 
ing, Railways, Lighting, Car Run- 
ning. Monthly payments. 
When writing, state subject in 
which interested. 
INTERNATIONAL CORRESPONDENCE SCHOOLS 
Established 1891. Capital $1,500,000. 


friend of 
schools. 
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1 
Box 1003, Scranton, Pa. 
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ELECTRICAL ENGINEERING 
TAUGHT BY MAIL 


Write for our free illustrated book 
“CAN | BECOME AN ELEC- 
TRICAL ENGINEER ?”’ 

We teach Electrical Engineering: 
Electric Lighting, Electric Railways. 
ete., at your home by mail. Institute 
indorsed by Thos. A. Edison. 

ELECTRICAL ENGINEER INSTITUTE 


Dept. M, 240-242 West 23d St., New York 














An Illustrated Monthly Magazine. SCRANTON, PA. } . 





PATENTED 


BURNLEY 
SOLDERING 
PASTE. 


Univ. acknowl- 
a seth 
others imitations. 


250,000.10. boxes 


sold in 1900. Put up in 
1-4, 1-2, 1, 5 and 10 Ib. 


packages. 
BURNLEY BATTERY 
MAN’F’G CO. 


PAINESVILLE, OHIO. 


Burnley Dry Bat- 
terles asresuperior. § 


vvvvyv 














WHEN ADDRESSING ADVERTISERS PLEASE 
MENTION THIS PAPER 
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STORAGE BATTERY 


NOW READY. 
The only Storage Battery shipped 
Fully Charged and Dry with ouid 
in separate vessel. Further details 
by mail. 


U. 8. BATTERY COMPANY, 


552-558 State St., Brooklyn, N. Y. 
BRANCHES: 

Chicago: 34 W. Monroe 8t. Boston: 141 Franklin St. 

Factory and Laboratory, 553 State St., Brooklyn. 








Flecral HEATING 


APPARATUS 
OF EVERY DESCRIPTION. 


The Simplex 
Electrical Co. 


CAMBRIDCEPORT, 
MASS. 


Thorough [nspections 


AND 


Insurance against Loss or Dam- 
age to Property and Loss of 
Life and Injury to Persons 
caused by 


Steam Boiler Explosions 


J. M. ALLEN, President. 

WM. B. FRANKLIN, Vice-President. 
F. B. ALLEN, Second Vice-President. 
J. B. PIERCE, Secretary. 

L. B. BRAINERD, Treasurer. 

L. F. MIDDLEBROOK. Asst. Sec. 











W. R. OSTRANDER & CO. 


22 DEY STREET, NEW YORK. 
MANUFACTURERS OF 
Speaking Tubes, Whistles, 
Annunciators. 
“ Electric and Mechanical Bells. 


PacTory: 
DeKare Ave. 
BROOKLYN. 


Send for 
Lllustrated 
Catalogue. 














s 
Central Manufacturing Co. 
Chattanooga, 
Tenn. 
Mfrs. -~ 
Yellow Pine, 
Cross Arms, 
Locust , 
Oak Pins, Electrical Mouldings, Oak Brackets. 
Delivered prices usted, rx }. B. cars, your city, 


in any quantity. 
wa wRIiTtTE us. 











T 








107 Liberty Street, 


ELECTRIC HEATING APPARATUS 


All Kinds for All Purposes 
Hadaway Electric Heating and Engineering Co. 


NEW YORK 
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PARSELL 


Complete Engines. 
Madison Bg 





Ap ldlanrtatantirtintantrtatintdtarstnta te 


129-131 


>O@ 


West 3ist Street, 








OOODOOS OOOOS 
& WEED 

MoOoODDE XL MABRERS. 
Telephone, 156 

ew York City. 
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Electrical, Experimental and Fine Tool Work 
Write for Booklet. 


The Franklin Gas Engine Sets of Castings and Material; Finished Parts and 
Write for Gas Engine Circular No. 2. 


THE FRANKLIN MODEL SHOP, 








dOOOOOOGS 





Orders prom filled from 
large stock 
Correspondence solicited 





CASE BROTHERS 


MANUFACTURERS OF 


INSULATING 482 FULLER BOARDS 


All Grades and Thicknesses 
Heavy Special Boards to Order 


Highland Park, Conn. 











PATENTS. 
(Continued from page 31.) 
681,352 Heater for electrolytic in- 


candescent lamps; J. Swinbourne, 
Westminster, England. 


681,353 Electric switch; G. B. 
Thomas, Hartford, Ct. 


681,367 Reduction of ores or com- 
pounds ; H. A. Irvine, Niagara Falls, 
N. Y. 

681,371 Signaling apparatus; G. E. 
Painter, Baltimore, Md. 


681,374 Microphone and telephone 
installation; L. Polinkowsky, Berlin, 
Germany. 


681,410 Electric-traction road; L. 
Dion, Boston, Mass.—Consists of a 
closed conduit having a series of 
pockets or recesses projecting toward 
the roadway-surface, a conductor in 
said circuit, and a series of armature 
members projecting from said con- 
ductor into the pockets and detachably 
secured to the conductor. 


681,416 Outlet for electric conduc- 
tors; J. H. Goehst, Chicago, I1].—Com- 
prises a box and a removable cover for 
said box provided with a nozzle rising 
above its upper surface and forming a 
passage for conductors, said cover 
having a detachable, water-tight con- 
nection with the box. 


681,421 Supporting device for brush- 
holders ; J. P. Mallett, Madison, Wis. 


681,453 Controller for electric rail- 
way motors; F. A. Merrick, Johns- 
town, Pa. 


681,461 Attaching-plug for electric 
wires; L. H. Stuart, Chicago, Ill.— 


Comprises two blocks of non conduct- 
ing material, one of which is rotatable 
relative to the other, and two insulated 
circuit conductors extending through 
both blocks. 


681,470 Removable jacket for elec- 
tric cables; J. Wolff. Chicago, Tl.— 
Comprises a water-proof covering fast- 
ened at its edges and provided with a 
tongue bridging the joint between said 
edges. 

681,474 Electromagnetic safety 
system for railroads ; C. M. Cronkhite, 
Lansing, Mich. 


681,495 Electric switch for alarms ; 
I. B. Chantler, Sewickley, Pa. 

§81,532 Diaphragm for electric 
batteries; J. L. Dobell, Harlesden, 


England—A shaped pot to be baked 
or fired and consisting of calcined 
magnesite, mixed with boracic acid 
and also with finely divided carboniz- 
able material. 

681,603 Mechanical inter-communi- 
cation between telephone switchboards; 
G. M. Yorke, New York, N. Y. 


681,604 Feeder-cable holder for 
electric railway systems; W. D. 
Young, Baltimore, Md. 

681,605 Crossover-switch for elec- 


tric railway systems; W. D. Young, 
Baltimore, Md. 
681,617 Telegraphic apparatus; 
8. G. Brown, Bournemouth, England. 
681,640 Electric marine governor ; 
TT. P. Housden, San Antonio, Tex. 
681,654 Electric prospecting appa- 
-ratus; A. F. McClatchey, Aurora, Ill. 


691,669 Primary battery; O. A. 


Spahr, Millersburg, Ohio. 


BULLOCK ceNerators 


GOLD MEDAL AWARD, PARIS,1900. 


} SEND FOR BULLETINS. 
SALES ORGANIZATION 


CTRICMFGCO. BULLOCK ELECTp 


WAGNERELEE TT ICMF GLO 


CINCINNATI,O 





ELECTRICAL REVIEW 

















WAN TED 


A 550-volt belted railway 
generator of from 150 to 300 
K.W. capacity. 

Address CITIZEN, 
Care ELECTRICAL REVIEW, 
New York. 


ENGINEERING CARDS. 











FOR SAL —A first-class Electric 
Light Plant (capacity, 
2,500 incandescent lights and 100 
arc), with city contract for lighting, 
in a live western town. 
Address, E. J. SULLIVAN, 
721 /N. Y. Life Building, Omaha, Neb. 


f CONSULTING 
THOS, J. McTIGHE, ENGinecr. 
Mechanical, Reports, 
Electrical, Estimates, 
Mining, Supervision, 


inventions. 


1138 Park Row Bullding, 
13-21 PARK ROW, NEW YORK. 














FOR SALE. 


Electrical Supply and Con- 
tracting business in a live New 
York State city of 15,000 in- 
habitants. Nicely located and 
good business. Will sell for 
what stock and tools inventory. 
Good chance for hustler. 


Address ‘* CHANCE,”’”’ 


Care Electrical Review, 
New York City. 


JOSEPH B. BAKER 
Consulting Electrical 
TELEPHONY INVENTIONS REPORTS 
Office and Laboratory 
BOSTON, MASS. 


Engineer 


40 Lincoln Street, 








J. G. White & Company, 


INCORPORATED, 
ENGINEERS, CONTRACTORS, 
29 Broadway, New York, N. Y. 
LONDON: 

J. G. White & Co.,Ltd., 22A College Hill, 
Cannon Street. 














ELECTRIC CONDENSERS 


WM. MARSHALL, Manufacturer 


Standards a Specialty 


709 Lexington Ave., New York 


SHEAFF & JAASTAD, 
MECHANICAL and 
ELECTRICAL ENGINEERS. 


Plans and specifications for and superin- 
tendence of Electric Power and Lighting 
Plants a specialty. 


85 WATER STREET, BOSTON, MASS. 














HAIR SPRINGS 


For Electric Indicating and 
Recording Gauges, Steam 
Gauges, ete. 


: Z”©STABLISHED 1877, 
LARGEST MFR OF HAIPSPRINGS IN US 





Non-Magnetic Hair-Springs of Phosphor 
Bronze and other non-magnetic metals. 
<4 mes pea of any description manufac- 
order, 


F. N. MANROSS, Forestville, Ct. 


New England Engineering Co. 
100 BROADWAY, WATERBURY, 
NEW YORK. CONN. 
Electric Railways, Electric Light 
and Power Plants, Gas and Water- 


works, or any other engineering 
installations built or remodeled. 














GETTYSBURG, LURAY 
AND WASHINGTON. 


Personally-Conducted Tour 
via Pennsylvania Railroad. 


This early Autumn tour covers a section 
of the country at once interesting and at- 
tractive. The battlefield of Gettysburg, 
with its hundreds of monuments ; the pic- 
turesque Blue Mountains, touched with the 
first breath of frost; the Shenandoah Val- 
ley, reminiscent of Sheridan’s Ride; the 
Caverns of Luray, one of nature’s wonder 
places, and Washington, the capital and 
political centre of the United States, offer 
a programme of delight. 

The tour will leave New York and Phila- 
delphia Saturday, September 14, in charge 
of one of the company’s tourist agents, and 
will cover a period of five days. A chape- 
ron, whose especial charge will be unes- 
corted ladies, will accompany the party 
throughout the trip. Round-trip tickets, 
covering transportation, carriage drives, 
and hotel accommodations, will be sold at 
the extremely low rate of $25 from New 
York, $24 from Trenton, $22 from Phila- 
delphia, and proportionate rates from other 
points. 

For itineraries and full information ap- 
ply to ticket agents; Tourist Agent, 11¢6 
Broadway, New York; 4 Court Street, 
Brooklyn; 789 Broad Street, Newark, N. J., 
or address Geo. W. Boyd, Assistant Gen- 
eral Passenger Agent, Broad Street Station, 
Philadelphia. 





ELECTRICAL DEVICES 


of all kinds are our specialty. 
We do anything that can be done 
with a clock. 


We also make Time 
Switches, Frying - pan, 
Program, Sixty-day, Cal- 
endar and Synchronized 
‘iocks. 





Send for Catalogue 
No. 701. 


The Prentiss Clock Improvement Co., 
Dept. 70, 49 Dey St., N. Y. City. 








E*UOUSE: 


ELECTRICAL SPECIALTIES 


American Elect. Fuse Co. 
NEW YORK (HICAGY 








Purdue University 
LA FAYETTE, IND. 
Courses in 
ELECTRICAL ENGINEERING, 

CIVIL ENGINEERING 
MECHANICAL ENGINEERING, 
Extensive Laboratories. Fine Equipment. 
Catalogue Sent on Application. 








McINTIRE’S PATENT 
Connectors and Terminals. 


Special Connectors for HARD-DRAWN 
COPPER WIRE, all sizes. FUSED WIRE, 
FUSED LINKS and STRIPS. 

THE C. McINTIRE CO., 
13 & 18 Franklin St., Newark, N. J. 








THE BRADY MAST ARMS 


T. H. BRADY, New Britain, Conn., U.8. A. 
MANUFACTURER OF 
Mast Arms, Pole and Swing- 
ing Hoods, House Brackets 
and other specialties for 
construction work 
Catalogue and Prices Furnished on Applicatin 











4 3) 
INCANDESCENT LAMP 
REPLAGER and CLEANER 


HANDLES THEM AT ANY 
HEICHT OR ANQLE 


Incandescent Electric Light Manipulator Co. 


116 Bedford St., Boston, Mass. 











U. S. ENGINEER OFFICE, 
735 N. Capitol St. 
Washington, D. C., Aug. 24, 1901. 
Sealed proposals will be received here 
until noon, September 23, 1901, and then 
meg opened, for furnishing Electrically 
riven Pumps, Cold Drinking - Water 
Plant, Fire Hose and Racks, and Pipe 
Covering for New Buiiding for Govern- 
ment Printing Office. Information fur- 
nished on application. 
JOHN STEPHEN SEWELL, 
Capt. Engrs. 








U. S. ENGINEER OFFICE, 
735 N. Capitol St., 

WasuincTon, D. C., Aug. 9, 1901. 
Sealed proposals will be received here 
until noon, September 9, 1901, and then 
ublicly opened, for furnishing Distributing 
enters for electric lighting and power 
circuits for New Building for Government 
Printing Office. Information furnished on 
application. 

JOHN STEPHEN SEWELL, 

Capt. Engrs. 














“ STELLARC” 


The Best Arc 
Lamp Made 


JOHN A. HAMBLIN 
12 Beverly St., Providence, R. I. 
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| , this Adv. is Worth 
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m $1.00 To You Sf 


if you mention this paper. If you will 
send a Postal Money Order for $2.09 
we will send you a pair of Donnelly 
Steel Climbers and give you a $1.00 set 
of straps with pads. Each spur is oil 
tempered by the Wallace Barnes Co. 
and warranted by us. 


Testimonial of the Grand Treas. of the International Brotherhood of Electrical Workers. 


** | have alwavs found the Donnelly Climbers satisfactory. 
‘1 have used them and can recommend them as second to none. 


“ F. J. SHEEHAN, Hartford, Conn.” 


J. J. REIDY & CO., 311-319 East Street, New Haven, Conn. 




















